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PREFACE

This document is the third of three volumes of the Final Tec-hnical Reoort' (CDR-L -

_A004 for the Specification of Software Quality Attributes contract, F30602 -32-C-

0137. Contract work was performed by Boeing Aerospace Company (9AC) for Rome

Air Development Center (RADC) to provide methods, techniqus, and guidance to Air

Force software acquisition managers who specify tlie requirements for software

quality. P

The purpose of this contract was to (1) consolidate results of previous RADC contract-

dealing with software quality measurement, (2) enhance the software quality

framework, and (3) develop a methodology to enable a software acquisition manager to

determine and specify software quality factor requirements' We developed the

methodology and framework elements to fo&son an Air Force software acquisition

manager specifying quality requirements for embedded software that is part of a

command and control application. This methodology and most of the framework .

elements are generally useful for other applications and different environments.

The Final Technical Report consists of three volumes:

a. Volume I, Specification of Software Quality Attributes-Final Report. .

b. Volume II, Specification of Software Quality Attribute--Software Quality

Specification Guidebook.

c. Volume I1, Specification of Software Quality Attributes-Softmate Quality

Evaluation Guidebook. b U

Volume I describes the results of research efforts conducted under this contract,

icuding recommendations for teating- qua;t metrics technogy into the Air -

Force software acquisition management process, recommended changes to Air Force

software acquisition documentation, and summaries of soft',are quaity framework

changes and specification methodology features. .'"

Volumes II and III describe the methodology for using the quality metrics technology i 6

and include an overview of the software acquisition process using this technology and

the quality framework. Volume II describes methods for specifying s.ftware quality

requirements and addresses the needs of the software acquisition manager. Volume III

-1-9
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describes methods for evaluating achieved quality level's oL software products and

addresses the needs of data collection and analysis personnel.

Volume 1I also describes procedures and techniques for specifying software quality

requirements in terms of quality factors and cr'teria. Factor interrelationships,

relative costs to develop high quality levels, and an example for a command and

control application are also described. Procedure- for assessing compliance with

specified requirements are included.

Volume III also describes procedures and techniques for evaluating achieved quality

levels of software products. %Xorksheets for collecting metric data by software life-

cycle phase and scoresheets foi scoring each factor are provided in the appendixes.

Detailed metric questions on worksheets are nearly identical to questions in the

. Software Evaluation Reports proposed as part of the Software Technology for

Adaptable Reliable Systems (STARS) Measurement data item descriptions.(DID).

Terminology and life-cycle phases used in the guidebooks are consistent with the

December 1983 draft of the Department of Defense software development standard

(DOD-STD-SDS) (e.g., the term computer software configuration item (CSCI) is used

rather than computer program configuration item (CPCI)).

0o-.-
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- 1.0 INTRODUCTION

1.1 BACKGROUND

There has been a recent, increased awareness of critical problems encountered in

developing large-scale systems involving software. These prob!ems include cost and
schedule overruns, high cost sensitivity to changes in requirements, poor performance

of delivered systems, high system-maintenance costs, and lack of reusability.

The government (the Department of Defense (DOD) in particular) as a customer for
large-scale system developments, has sponsored efforts to address these problems; for

example, development of Ada programming language and Ada programming support

environments (APSE), proposed DOD standards for software development (DOD-STD-

SDS) and quality (DOD-STD-SQS), the Software Technology for Adaptable Reliable

Systems (STARS) program, proposed STARS measurement data item descriptions

(DID), and various development aids and tools. These all provide partial solution:.

Since 1976, Rome Air Development Center (RADC) has pursued a program intended to

achieve better control of software quality. Through a series of related contracts, this
program has sought to identify key software quality issues and to provide a valid
methodology for specifying software quality requirements and measuring achieved
quality levels of software products released incrementally during the software life

cycle. 4X quality model was established in which a hierarchical relationship exists
between a user-oriented quality factor at the top level and softwace-oriented
attributes at the second and third levels (criteria and metrics). Software quality is

predicted and measured by the presence, absence, or degree of identifiable softace

attributes. (See Sec. 2.2 for an explanation of the quality model and an overview of

quality factors and attributes.)

The Final Technical Report for this contract (F30602-82-C-0137) contains the most

recent results of the RPDC software quality program. This report incorporates

pertinent results from and uses foundations established in preious contracts. The
Final Technical Report consists of three volumes: the Final Report, the Software

Quality Specification Guidebook, and the Software Quality Evaluation Guidebook.

1.-i
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1.2 PURPOSE

The purpose of this guidebook (Vol. I1, Software Quality Evaluation Guidebook) is to

provide a comprehensive set of procedures and techniques to enable data collection

personnel to apply quality metrics to software products and to evaluate the achieved

quality levels. Volume II, Software Quality Specification Guidebook, provides a

comprehensive set of prc(edures and techniques to enable an Air Force software
acquisition manager to specify quality requirements for software embedded in

command and control systems. Volume 1, Final Report, summarizes the results of

contract task efforts.

The purpose of the quality metrics technology is to provide a more disciplined

engineering approdch to specifying, predicting, and evaluating software quality. The

benefits of this approach include software life-cycle cost savings (or cost avoidance)

and software products that reflect user-customer quality needs. Rigorous application

of metrics at incremental releases of software products throughout the life cycle

" provides for early detection of quality-related problems. Periodic assessment of

quality levels provides better management visibility and enables timely decision

making.

1.3 SCOPE

* Section 2.0 describes the role of quali+y metrics in the software acquisition process.

Descriptions of the system acquisition life cycle and software development cycle are

provided with a discussion of their relationships. Specifying quality requirements and

monitoring software product quality levels are described within the life-cycle

* perspective. The software quality model and framework elements are introduced.

Section 3.0 describes quality framework terminology and concepts key to

- understanding subsequent details. All framework elements-factors, criteria, metrics,

. worksheets, and scoresheets-are also described.

Section 4.0 describes procedural steps for applying quality metrics to products of the

development process, calculating achieved quality levels, and analyzing scoring

*, results.

1-2
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II

This guidebook incorporates pertinent results from previous research concerning

software quality measurement conducted for RADC. Results of this research are

described in Software Quality Measurement for Distributed Systems, RADC-TR-83-

175, Volumes 1, H1, and III. Significant enhancements were made to framework

elements during this contract. Factors are categorized under performance, design,

and adaptation to aptly indicate acquisition concerns. Criteria are organized under P
the same three acquisition concerns, thereby simplifying the attribute relationships.

Metric questions on the worksheets include explanatory information and formulas and

are nearly identical to the questions in the Software Evaluation Reports proposed as

part of the STARS measurement DIDs. Software life-cycle phases and terminology

used throughout this guidebook are consistent with the December 1983 draft of DOD-

STD-SDS.

1.4 USE OF THE GUIDEBOOKS

This Software Quality Evaluation Guidebook addresses the needs of personnel

collecting and analyzing metric data. Procedures are provided for applying metrics,

generating metric scores, analyzing scoring, and reporting results. The Software

Quality Specification Guidebook (see Vol. II) addresses the needs of Air Force software

acquisition managers. Procedures are provided for specifying quality requirements and

for assessing compliance with requirements.
*i

*" Procedures in each guidebook are contained in Section 4.0. Sections 1.0, 2.0, and 3.0

contain nearly identical information on the elements, perspecti-e, and role of quality

metrics technology.

The guidebooks were designed for use with new projects, in which procedures are

performed (primarily) chronologically throughout system and software life cycles as

depicted in Figure 1.4-1. Using quality metrics technology and guidebooks for

- .evaluating system and software products in other contexts is addressed in Section 4.0.

Detailed explanatic. , 0 life-cycle phases, review point,, framework elements, and

methodology are provided in Sections 2.0, 3.0, and 4.0.

1-3
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0

2.0 ROLE OF QUALITY METRICS IN THE

SOFTWARE ACQUISITION PROCESS

This section examines elements of Air Force system acquisition and software

acquisition processes, describes the process used for specifying and monitoring quality

levels, and discusses the role of quality metrics (QM) technology in the Air Force

software acquisition m~anagement process. Considerations include how QM technology

can be integrated into the Air Force software acquisition process and how existing

mechanisms within the acquisition process can be used to implement QM technology.

Advantages and disadvantages of using QM technology in software acquisition

management and of integrating QM technology into the software acquisition

management process are also discussed.

2.1 SOFTWARE ACQUISITION PROCESS

The following sections describe selected concepts associated with Air Force software

acquisition management, including system acquisition life cycle, software development

cycle, life-cycle relationships, software acquisition management, verification and

validation (V&V), and quality assurance (QA). Concepts introduced here provide a

basis for discussions of QM technology integration and implementation in the

acquisition process in later sections. The system acquisition life cycle and software

development cycle are fully defined in DODD 5000.1 and DOD-STD-SDS and are only

summarized here. This section is not intended to describe all activities of each life-

cycle phase but to establish the background for discussion of the role of QM

technology.

2.1.1 System Acquisition Life Cycle

The system acquisition life cycle defined in DOD-STD-SDS consists of four phases:

concept exploration, demonstration and validation, full-scale development (FSD), and

production and deployment. Four major decision points are associated with these

phases as shown in Figure 2.1-1 and as defined in DODD 5000.1 (Major System

Acquisition). These points are mission need determination; concept selection,

milestone I; program go-ahead, milestone II; and production and deployment, milestone

2-1
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I1. The Secretary of Defense, advised by the Defense Acquisition Executive (DAE),

decides at these points whether to continue the program and proceed to the next phase

or to terminate the program. The system acquisition life cycle applies to the whole

system, not the individual parts.

Concept exploration is the initial planning phase, during which the role of and plans

for using computer resources in the system are explored. During demonstration and

validation, translating operational requirements into functional, interface, an('

performance requirements is completed; and requirements for each hardware and
software configuration item are defined. During FSD, the system is designed, buil:,

tested, and evaluated. These initial three phases should result in a system meeting

specified requirements. Production and deployment includes production (i apiIc--' 0

and delivery and includes all activities involved in supporting the system until IL is

retired.

2.1.2 Software Development Cycle

The software development cycle, as defined in DOD-STD-SDS, consists of six phases:

software requirements analysis, preliminary design, detailed design, coding and unit

testing, computer software component (CSC) integration and testing, and computer

software configuration item (CSCI) level testing (see Fig. 2.1-2). This cycle, however,

is not standardized and there are many variations throughout the industry. Although

names and breakdowns vary, the same process is generally followed.

All software requirements are specified during software requirements analysis. The

authenticated software requirements specification (signed off by both the customer

and contractor) forms the baseline for preliminary design. During preliminary design,

a modular, top-level design is developed from the software requirements. During

detailed design, the top-level design is refined o successively lower levels until

individual units, which perform single, nondivisible functions, are defined. During

coding and unit testing, the designer translates the design approach into code arid

executes verification tests. During CSC integration and testing, code units are

integrated and informal tests are performed on aggregates of integrated units. This

cycle k-oncludes with CSCI-level testing, during which formal tests are conducted on

the software.

2-3
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As with the system acquisition life cycle, the software development cycle has decision

points associated with most phases. These decision points (shown in Fig. 2.1-2) are

the: software specification review (SSR), preliminary design review (PDR), critical

design review (CDR), test readiness review (TRR), and functional configuration audit

(FCA)/physical configuration audit (PCA). Thebe decision points are quite different

from decision points associated with the system acquisition life cycle. At these

decision points it is not determined whether to continue or terminate the program;

rather, progress up to that point is reviewed and it is decideo if the developer has

completed the current phase and is ready to proceed into the next phase.

2.1.3 Life-Cycle Relationships

Each CSCI to be developed goes through the entire software development cycle. The

software development cycle can be completed in a single phase of the system

acquisition life cycle or can overlap severd phases. For example, software could be

developed for risk-reduction analysis during concept exploration or demonstration and

validation. This software could be used to validate the feasibility of an algorithm or

to compare alternative approaches. This type of software may not be in the language

required for the operational software and may not be targeted for the same computer.

However, it still goes through the entire development cycle. The same is true for test

software developed to aid in validation of the operational software. Operational

software development may overlap several system life-cycle phases; requirements
definition for operational software begins early in the system acquisition life cycle,

although operational software is not fully developed until FSD. In this guidebook

operational software quality is the primary concern; therefore, the relationship of the

operational software development cycle to the system acquisition life cycle will be

examined.

There is a specific relationship between the operational software development cycle

and the system acquisition life cycle in most system procurements (see Fig. 2.1-3).

The software requirements analysis phase overlaps part of the demonstration and

validation phase and the beginning of FSD. The remaining operational software

development phases occur during FSD; i.e., preliminary design tnrough CSCI-level

testing of the so,'tware development cycle. This relationship is assumed for the

remaining discussions.

2-5
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2.1.4 Software Acquisition Management

The software acquisition manager has various responsibilities during the software

development cycle. This section focuses on two general functions of software

* acquisition management: (1) specifying requirements and (2) monitoring development

to ensure satisfiying the requirements. To describe all that this manager does during

the software life cycle is beyond the scope of this guidebook.

Specification of software requirements begins with development of the system

specification and continues until all requirements for each CSCI have been specified

during software requirements analysis in the software development cycle. These

requirements include more than traditional functional and performance requirements.

They also include interface, human engineering, language, data base, delivery,

self-test, anomaly management, resource reserves, and quality requirements. Many

decisions are made to specify these requirements.

The software acquisition manager becomes involved at the system level, when system

functional tasks are allocated to software or to hardware. Allocation decisions may be

based on trade studies, system engineering, and risk analyses. Once the allocation of

functional tasks is completed, specific software requirements can be identified. The

result is a set of software capabilities, performance levels, and design constraints.

Identification of these specific requirements usually involves decisions supported by
trade studies. Such trade studies may include, for example, higher order language

(HOL) versus assembly language, distributed processing versus centralized processing,

growth capability required for timing and sizing, the degree of human operator

interaction required, and efficiency versus maintainability. These software trade

Audies uu,,sider life-cycle costs, risk, schedule, capabilities, software per.ormance,

and final product quality. These activities are concluded when the System Program

Office (SPO) authenticates (signs off) the software requirements specifications for

each CSCI.

Once software requirements are specified, the acquistion manager begins monitoring

software development. Monitoring continues throughout preliminary design, detailed

design, coding and unit testing, CSC integration and testing, and CSCI-level testing

and may continue into the system integration and testing that follows. The primary
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concern of monitoring, other than schedule or cost, is whether the software satisfies

the requirements. Monitoring provides the acquisition manager with visibility of the

evolving product in order to track technical progress and quality. This visibility is

achieved through 'various reviews, audits, documentation, and products required

periodically throughout development. Established criteria and measurement methods

for each review and audit and for all documentation and products are nescessary forV

tracking progress. Tracking enables the manager to identify problems eariy enough to

correct them. Two activities providing feedback are V&V and QA.

2.1.5 Verification and Validation

The purpose ol V&V is to provide the Air Force with systematic assurance that

acquired software will perform missions in accordance with requirements. The terms

verification and validation are often used interchangeably, but in the software

development cycle distinct concepts are associated with each. The meaning of these

terms as used here is as follows:

Verification is the iterative process of determining whether the product of each

software development phase fulfills requirements Jevied by the previous phase. That

is, (1) software requirements are verified to ensure that they [ulfill system-level

requirements, (2) the software design is verified to ensuce that it satisfies

requirements in the software requirements specification, and (3) code is verified to

ensure that it complies with the top-level design and detailed design documents. This

process does not consider whether system-level software requirements are correct or

whether they actually satisfy users needs.

Validation is a continuing process to ensure that requirements at various levels are

correct, thus satisfying mission requirements defined by the using command.

Sometimes validation is considered to be the system-level test activity that validates

the CSCI against software and system requirements. In reality, it is much more than
that. Validation, like verification, continues throughout the software life cycle. For

example, when software requirements are allocated and derived, a system-level

A. requirement could be found to be vague or incorrect; or during design, it could be

- discovered that a software requirement is infeasible or ambiguous. Feedback to the

2-8

..- 2 -.



manager enables corrective action to be taken early in development, thereby reducing

risk and cost.

The concept of V&V and its relationship to software development products is shown in

Figure 2.1-4. V&V provides feedback to the software acquisition manager concerning

software technical performance. The term IV&V is used when V&V is done for the Air

Force by a contractor other than either the prime contractor or the subcontractor wno

"- is developing the software.

2.1.6 Quality Assurance

According to MIL-S-52779A, the purpose of software QA is to ensure that the

softw are delivered under a contract complies with contract requirements. This type

of QA program will not ensure development of a high-quality software product unless

software quality attributes are specified in measurable terms as part of the contract.

The objective of current QA programs is to provide feedback to the acquisition

manager concerning various aspects of the development process. QA is similar to

V&V, the major difference being that &V provides technical feedback on software
products at only a few points in time, whereas QA provides feedback on a wide range

of development activities. But contractual software quality is not normally defined in

quantitative terms. The current goal is simply to achieve better quality through

controlling the development processes.

Section 2.3 explores how QM technology can help to expand the scope of QA programs

to include specification of software quality requirements and measurement of

achieved quality levels for soft~vare development products. The following paragraphs

• explain the current scope of QA programs.

At one time, software QA was equated to testing. As an illustration, Section 4 of the

. CPCI development specification (according to MIL-STD-483) was called Quality

Assurance Provisiors. However, as with other products, it was learned that quality

cannot be tested into software. Because of cost and schedule impacts, it is usually

too late to make changes when quality problems are found during testing. Quality can

. be affected by how code is written and how software is designed. If a software quality

problem is found during testing, it is usually very expensive to redesign and to change

2-9
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the code. Quality should be planned, designed, and built into software. This

realization has lead to the current life-cycle-oriented QA approach. This approach

focuses attention on all phases of the software development cycle; and software QA

now includes many activities, such as ensuring that software is being developed in

accordance with plans, that requirements dre traceable, that design and code are

easily and economically supportable, and that testing is accomplished as planned.

These activities provide necessary feedback to the software acquisition manager.

Softw are quality assurance programs, however, are primarily administrative rather

than technical. For example, the QA organization does not trace requirements but

ensures that Engineering has developed traceability matrices. The QA function is

essentially a checkoff function applied during the software development process; i.e.,

QA ensures that everything is done as planned. Software QA continues throughout the

software development cycle (see Fig. 2.1-5).

Software QA is an evolving discipline. Experience has provided insight into which

development practices tend to produce a higher quality software product, and the QA

program ensures that selected practices are used by checking the development

process. The next step to improving quality is to quantitatively specify quality

requirements and to measure and control the quality of the software product as it

evolves. Implementing QM technology in the Air Force acquisition process will

provide the added dimension of quantitative measures to addressing quality concerns

for software products.

2.2 QUALITY METRICS

Tke purps of QMtecholog is to cnable the software acquisition manager to specify

a desired software quality level for each quality factor of importance to the

application and to quantitatively measure the achieved levels of quality at specific

points during development. These periodic measurements enable an assessment of

current status and a prediction of quality level for the final product. Some problems

with delivered software products have been that these products are (to varying

degrees) unreliable, incorrect, and/or unmaintainable. QM technology addresses these

and other quality-oriented problem. by providing a means to specify quality

requirements, to quantitatively measure quality achieved during development, and to

predict a quality level for the final product.
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Figure 2.1-5 Software QA Function
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QM technology measures the degree of software quality, not the level of software

technical performance; e.g., how easy is it to maintain the software, not how accurate

is the navigation algorithm. Howe er, the process of specifying and measuring quality

levels is anal6gous to the process of specifying and measuring technical performance.

Both processes begin with similar activities: system needs are assessed, trade.- are

performed (involving resources and levels of performance or levels of quality), and

requirements are specified. Subsequent phases involve evaluaticns of how well these

requirements are being satisfied.

Technical performance levels are traditionally evaluated by modeling in early

development stages and by testing in later development stages. Quality has

traditionally been evaluated by such methods as reviews, walkthroughs, and audits.

This type of quality evaluation ensures that, for example, designs are traceable to

requirements, configuration management is adequate, and standards and plans are

being followed. However, it does not address such quality issues as software

reliability, correctness, and maintainability. QM technology enables a quantitative

assessment of these types of quality factors at different stages of development,

thereby ensuring that specified quality levels are being satisfied in a manner similar to

performance evaluation by testing.

Figure 2.2-1 depicts the software life-cycle model used in QM technology. The
software model is shown in typical relationship to two system acquisition phases.

Eight development states are shown with typical review and audit points. There are

two system-level activities involving software: system/software requirements analysis

and system integration and testing (both shown in dashed boxes). (Operational testing

and evaluation is the last FSD phase but is not shown as it is normally not performed

by the development contractor.) There are six software development phases: software

requirements analysis, preliminary design, detailed design, coding and unit testing,

CSC integration and testing, and CSCI-level testing. These phases refer to the same

development activities as are described in Section 2.1. This division of activities was

chosen because at the end of each activity shown in Figure 2.2-1 a configuration

baseline generally is established, and software products (specifications, documents,

code) describing that baseline are available for review or audit and the application of

metric measu.-ements. Also illustrated in Figure 2.2-1 are the two points at which

quality requirements are specified and the eight points at which quality levels are

measured (monitored). These measurement points generally corraspond to the review

or audit points for configuration baselines.
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2.2.1 Framework

A hierarchical model for quality has been established (see Fig. 2.2-2). User-oriented

factors (e.g., reliability, correctness, maintainability) are at the top level,

software-oiiented criteria are at the next lev', and metrics-quantitative measures

of characteristics-are at the lowest level.

ThiF model is flexible in that it indicates a general relationship between each factor

and its attributes. This permits updating of individual elements to reflect technology

advances without affecting the model itself. For example, as new user concerns

evolve, new factors can be added at the top level; and as software technology evolves,

criteria and metrics can be added, deleted, or modified as necessary. There are

currently 13 quality factors, 29 criteria, 73 metrics, and more than 300 metric

elements (distinct parts of a metric). Table 2.2-1 shows the 13 quality factors and

describes the primary user concern for choosing each factor. Quality factors and user

concerns are categorized by three types of acquisition concerns with respect to the

software: (1) product perforrnance-how well does the software function in its normal

environment; (2) product design-how valid (appropriate) is the design with respect to
requirements, verification, and maintenance; and (3) product adaptation-how easy is

it to adapt the software for use beyond its original intended use (e.g., for new

requirements, a new application, or a different environment).

Figures 2.2-3, 2.2-4, and 2.2-5 show the quality factors, criteria, and metrics in the

hierarchical relationships of the software quality model. The metrics are identified by

acronym only in the figures. These and other framework elements for QM technology

are described in detail in Section 3.0. The following sections describe some aspects

:olved n specifying and muiitu ii ig software quality using QM technology.

2.2.2 Quality Specification

When determining and specifying software quality requirements, system needs are

assessed from a quality perspective; the desired quality factors, associated criteria,

and applicable metrics are selected; and quality-level goals are derived for each

separate quality factor. When assessing system needs, application characteristics

should be considered. For example, if the system will have a long life cycle, emphases
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Figure 2.2-2 Software Quality Model

2-16

- - - -- - -- - -



Table 2.2-I Quality Concerns

* Acquisition Concern User Concern Quality Factor

HOW WELL DOES IT UTILIZE A RESOURCE? EFFICIENCY

HOW SECURE IS IT? INTEGRITY

V' PERFORMANCE -P O C WHAT CONFIDENCE CAN BE PLACED IN RELIABILITY
HOW WELL DOES IT WHAT IT DOES?

FUNCTION?

HOW WELL WILL IT PERFORM UNDER SURVIVABILITY
ADVERSE CONDITIONS?

HOW EASY IS IT TO USE? USABILITY

HOW WELL DOES IT CONFORM TO THE CORRECTNESS
ESN- REQUIREMENTS?" [DESIGN -

HOW VALID IS THE
HOW EASY IS IT TO REPAIR? MAINTAINABILITY7. DESIGN?

HOW EASY IS IT TO VERIFY ITS VERIFIABILITY

PERFORMANCE?

HOW EASY IS IT TO EXPAND OR UPGRADE EXPANDABILITY
ITS CAPABILITY OR PERFORMANCE?

HOW EASY IS IT TO CHANGE? FLEXIBILITY
ADAPTATION -

.1 HOW ADAPTABLE ISH I HOW EASY IS IT TO INTERFACE WITH INTEROPERABILITY
ANOTHER SYSTEM?

HOW EASY IS IT TO TRANSPORT? PORTABILITY

HOW EASY IS IT TO CONVERT FOR USE IN REUSABILITY
ANOTHER APPLiCATiON?
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on maintainability, flexibility, portability, and expandability are recommended.

Factor goals define the required quality levels to be achieved for the factor (i.e.,

excellent, good, or average). In general, choosing a higher quality goal will result in

more resources being expended to achieve that level. When deriving factor goals,

inter relationships between factors should be considered because a high quality goal for

. one factor may conflict with a high qualit) goal for another factor. Table 2.2-2 shows

the beneficial and adverse relationships between quality factors; some factors have a

positive relationship and others conflict. For example, specifying a high quality level

for most factors conflicts with specifying a high quality level for efficiency.

A typical problem for an embedded software system arises when reliability is of the

utmost importance because of the type of mission to be performed, but efficiency is

albo required because of space and weight limitations, and flexibility is needed because

of the variety of misions and/or targets. It is normally infeasible to select and

achieve high quality levels for all three factors. Highly efficient code is usually

tightly written assembly-level code and tends to be not as reliable or as amenable to

change- (flexible) as looser, more structured HOL code. And code written to be

reliable and flexible tends to be less efficient. Trade studies are needed to resolve

these problems. If some efficiency is sacrificed for reliability, then performance

goals (e.g., for accuracy or range) may be affected. If some flexibility is sacrificed

for efficiency, then the scope of the missions and/or targets may be reduced. QM

technology provides an aid for decision making when selecting quality-level goals,

when determining feasible software requirements, and for allocating acquisition

resources. Several iterations of quality tradeoffs may be required for choosing

reasonable quality goals. Section 4.0 of the specification guidebook (Vol. II) provides
specific techniques for choosing quality factors and includes consideration of

application characteristics and factor interrelationships.

2.2.3 Quality Monitoring

When monitoring software Jadiity, the quality metrics (in the form of questions on

worksheets) are applied to software products (specifications, documents, code) at

different stages of the development cycle, and a quality-level score is calculated for

each factor. The factor score predicts a quality level for the final product. The

points in the development cycle where data gathering and analysis are recommended is
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shown in Figure 2.2-1. These points generally correspond to normal reviews and audits

conducted when a configuration baseline has been established (SDR, SSR, PDR, CDR,
TRR, and FCA/PCA). Before each review or audit, the metrics selected for the

project are applied to software products resulting from that phase of development.

This results in a quant..ative value for each metric. The metric values are then used

to calculate scores for eac6 criterion, and the criteria scores are used to calculate a

score (predicted quality level) for each factor.

The quality metrics are applied at incremental points during the development phases.

This enables periodic review of progress in meeting quality goal requirements and aids

in pinpointing areas of weakness (and strength) in product quality as the product

evolves. There are two types of metrics-anomaly detecting and predictive. Both are

used in scoring. A low score for predictive metrics indicates that a low score will

probably result for the end product because the design is not considering aspects

important to achieving the desired quality level. For example, if the design has very

*- little spare storage capacity, the end product will not be highly expandable. A low

score for anomaly-detecting metrics indicates an actual design or code deficiency.

For example, if provisions are not made for immediate indication of an access

violation, software integrity would be jeopardized. Evaluating low metric scores

provides an opportunity for identifying deficiencies and anomalies during development

when they are more easily corrected.

Worksheets have been devised to help gather metric data. There is a separate

. worksheet for each development phase, and each worksheet lists only metrics

applicable to that phase. A more detailed explanation of the worksheets is provided in

Section 3.4. Data collection and analysis are addressed in Section 4.0.

2.3 SOFTWARE ACQUISITION USING QUALITY METRICS

Two general functions of the software acquisition manager are described in Section

2.1.4: (1) specifying requirements and (2) monitoring development to ensure that

requirements are being satisfied. Also two general functions associated with QM

technology are described in Sections 2.2.2 and 2.2.3: (1) specifying quality1 ,

requirements and (2) monitoring development to ensure that metric scores are

%%

2predicting specified quality goas. When using QM technology, monitoring begins

9.1
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earlier n. tl".e development cycle. The relationship of these functions to the software

life cycle is shown in Figure 2.3-1.

Specifying and monitoring have not usually overlapped. The specification of software

requirements was normally completed before development monitoring began, as shown

in Figure 2.3-1. Metric questions have been devised to enable evaluation of software

quality reflected in the system specification available at the system design review

(SDR). This moves the start of monitoring forward so that the two functions overlap.

Several organizations normally are involved in performing these two functions.

Although the internal structure of the Ai Force Product Divisions (ESD, ASD, and SD)

may differ, the relationship of the SPO to external organizations is basically the same

for each division. Organizations that may be involved in the QM functions and their

recommended relationships are shown in Figure 2.3-2. Organizational relationships are

discussed in the following paragraphs.

Several organizations should be involved in the specification function. The primary

organization responsible for software requirements specification is SPO Software

Engineering. However, SPO software engineers need help from both the using

command and Air Force Logistics Command (AFLC) to fully define software quality

needs. Both organizations have a vested interest in requirements affecting system

operation and support.

The using command is primarily interested in operational requirements and is

especially qualified to contribute to a definition of quality needs for the performance

qua!:ty factors (e.g., efficiency, integrity, and reliability). AFLC is primarily

interested in support requirements and is especially qualified to contribute to a

definition of quality needs for the design and adaptation quality factors (e.g., -

maintainability, expandability, and portability). With input from these organizations,

SPO Suftware Engineering can determine the contractual statement of quality

requirements. In addition, the Product Division Software QA organization is normally

tasked to ensure that quality requirements are included in the contract. These

responsibilities and relationships for the specification function are shown in Figure

2.3-3.
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Table 2.3-1 Organizational Evaluation

T C L A E D A S S
E A A V C A V C U
C P B A 0 T A O M
H A 0 1 N A I R MCRITERION N B R L L A
I I A M A R
C L B Y 6 Y,..A I I

L T L L
Y II

ORGANIZATION T Tp. , Y Y

spa 2 2 1 2 7
ENGINEERING

PRODUCT DIVISION 3 3 10
SOFTWARE QA

AFPRO 2 2 1 1 6

IV&V 112 7

1 = BEST
2 = MEDIUM
3 = WORST

Lowest Score is Best (Unweighted)
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Several organizations also should be involved in the monitoring function. Among the

first activities are identifying and negotiating with the organization that will collect

and analyze metric data. If that organization is to be another Air Force agency, such

as Air Force Contracts Management Division (AFCMD), then the SPO needs to

negotiate the effort through a memorandum of agreement. If the organization is to be

an IV&V contractor, then the IV&V contract needs to be negotiated. These

negotiations must be completed very early in the program,, 'fore data collection

starts, and SPO Software Engineering must ensure that necc.. sa.y upport is provided.

Several organizations could collect and analyze data, including SPO Software

Engineering, the Product Division Software QA, the Air Force Plant Representative

Office (AFPRO), and an IV&V contractor. The following criteria were established to

aid in selecting an organization: technical capability, labor c.vailability, economy, and

data availability. Technical capability refers to the depth of technical understanding

of software by pe)ple in the organization. Labor availability refers to availability of

qualified people to perform this additional task (i.e., currently available or readily

obtainable). Economy refers to the least costly method for the SPO to obtain data.

Data availability refers to the ability to access the most current contractor

documentation and information. Informal lines of communication greatly influence

this factor.

We rated four candidate organizations using these criteria, based on our experience. A

score of I represents the best conditions and a 3 represents the worst for each

criterion. A total unweighted score was determined for each organization, with the

lowest score representing the best choice. The evaluation scores are shown in Table

2.3-1.

Several assumptions were made for scoring. The first was that all criteria are

weighted equally; actually, however, technical capability and labor availability may be

overriding factors for selection. For technical capability, it was assumed that Product

Division Software QA groups are unlikely to be able to obtain people experienced in

both software engineering and QA to perform that job. For economy, it was assumed

that any Air Force person (civilian or military) is a free resource for the SPO.

Otherwise, the SPO must pay for IV&V contractor services. Data availability scores

include the assumption that the IV&V contractor works for SPO Software Engineering
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Figure 2.3-4

Recommended Responsibilities and Relationships for the QM Monitoring Function
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and that good communication channels are established. These assump.,ons may not be

valid in all situations.

The AFPRO received the lowest score and, therefore, was rated best. It is generally

recommended that the AFPRO perform data cot±e:tion and analysis for the SPO.

When this cannot be negotiated, it is recommended that an IV&V contractor be

assigned this task. Although SPO Software Engineering and the IV&V contractor are

rated equally, the recommendation to use an IV&V contractor was made because of

better labor availability. It is recommended that a chart similar to the one shown in

Table 2.3-1 be developed early in a program.

A proposed DID, Software Quality Evaluation Report, is contained in Appendix C and

can be used to report data collection and analysis results to the software acquisition

manager. This feedback enables the manager to track progress, ensure thait

requirements are being satisfied, and take corrective action when necessary.

Recommendations for responsible organizations and relationships for monitoring are

shown in Figure 2.3-4. We recommend that the Data and Analysis Center for Software

(DACS) at Rome be used as the data base for quality metrics information and that the

SPO provide a copy of the quality requirements and all metric data to DACS (e.g.,

pt ovide a copy of the Software Quality Evaluation Report). This has the advantages of

providing one centralized location for all QM data and enabling access to all historical

data by any one product division. It also enables large-scale data analysis and

correlation to be performed on data from all product divisions. Any changes in QM

technology such as new factors, metrics, and worksheet formats should be

disseminated from a central point. This concept is illustrated in Figure 2.3-5.

The preceding paragraphs discuss government monitoring only, and the development

contractor was not mentioned. Because quality factor requirements are included as

contractual requirements, the development contractors must also monitor achieved

quality levels to show compliance. However, to ensure that data and reports received

by the SPO are unbiased, we recommend that the government independently monitor

achieved quality levels.
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Figure 2.3-5 Relationship between Product Divisions and DACS
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2.4 POTENTIAL BENEFITS AND PROBLEMS

This section discusses the potential benefits and problems associated with integrating

QM technology into the software acquisition management process and of using QM

technology during acquisition.

2.4.1 Benefits

Possible benefits of using QM technology include a higher quality end product, greater

emphasis on quality throughout the life cycle, better management control, and life-

cycle cost savings. A high-quality end product is possibe because required quality

levels ace specified quantitatively. There is little room for misinterpretation or for

undesirable results such as a highly efficient but unreliable and unmaintainable

product. The acquisition manager is assured that the end product is of the required

degree of quality. Also, other software requirements are considered at the same time

that quality requirements are being specified. This means that the quality

requirements should be reasonable and should not conflict with functional and

performance requirements (or vice versa), thereby increasing the likelihood that all

software requirements can be satisfied within allocated resources. In addition,

achieved quality levels are monitored throughout development providing increased

visibility for control of quality. Periodic application of metrics provides the

acquisition manager with adequate feedback about software development progress and

enables early redirection if necessary. Finally, evaluating specific low metric scores

provides an additional mechanism for cetecting deficiencies and anomalies in

requirements, design, and code.

Life-cycle cost savings are possible for several reasons. Using metrics to detect

deficiencies and anomalies enables correction during development. Correction at this

time is less costly than during operation and maintenance. Also, it is pos.,ibJe to be

more precise about funding for quality. If adequate quality levels are achieved during

development, it is unnecessary to spend more effort in raising quality levels or in

developing a near-perfect product.

The gredtest cost savings potential comes from having certain qualities actually built

into the software. For example, if system A has a high level of reusability built into
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the software, then cost savings result from building system B reusing a portion of

system A software. These potential cost savings are available for other quality

factors such as flexibility, portability, interoperability, and expandability. Details

for considering cost are described in Section 4.0 of the specification guidebook (Vol.
II).

Other bcnefits can also be realized. For example, use of QM technology can provide

the acquisition manager an added assurance that the required degree of reliability is

achieved in the final product. This would be especially important in acquisitions

involving space applications or nuclear armaments.

2.4.2 Problems

There are potential technical and administrative problems when using quality metrics

in acquisitions; i.e., in integrating QM technology into the Air Force sottware

acquisition process. Problems could arise during one of the most important tasks, that

of maintaining a current QM technology baseline. Baseline changes could result from,

for examp'e, changes in quality factor ratings, new factor ratings being established,
new metrics being established, and metrics being validated for new application areas.

Changes could originate from any product division using QM technology. Using DACS

would minimize the risk of such problems as: multiple baselines in the Product

Divisions, duplication of validation efforts, and use of outdated information (e.g.,

outdated ratings).

A potential problem could arise where subjective judgment is required in scoring some

metrics. Two people gathering metric data from the same software products could

score the worksheets differently. This risk has been minimized by rewriting the

questions on the metric worksheets so that they are clear, simple, and understandable.

Also, metric element explanations have been included for clarification. As more

historical information becomes available, it will be possible to do a reasonableness

check on worksheet data entries, based on previous data ranges. However, we

recommend that experienced personnel perform data collection and that education and

training be provided for personnel involved with QM technology.
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Another potential problem might arise when attempting to automate portions of the

data gathering task through an automated measuring tool. This type of tool scans

source code ind outputs statistics on the code (e.g., percentage of comments, number

of specific constructs). The scanner is language dependent and must be developed for
each language, but standardization on a language (e.g., Ada) will minimize cost.

Problems with organizational structures and manpower may be encountered when

implementing QM technology at the product divisions. Program offices do not have
QA divisions. QA in the program office is u.ually done by Engineering. In addition,

software QA organizations in the product divisions are relatively new. These

organizdtions are trying to define their role in the acquisition process and their
. relationship to the program offices. Absence of a well-defined organizational

structure for software QA could lead to disagreements over assigning QM

responsibilities. Either organization could resist accepting responsibility for ?M
functions because of staffing problems. Program offices are usually not fully staffed

; :with software engineers; to accept more responsibilities without additional personnel

would be difficult. Software QA organizations have small staffs and find it difficult to

hire qualified personnel. A person with experience in both software engineering and
QA is required, but few software engineers are interested in QA assignments. Staffing

problems should receive attention during implementation of QM technology in the Air

Force software acquisition process.
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3.0 QUALITY METRICS FRAMEWORK

This section describeb elements of the software quality framework. Terminology and

concepts introduced in this section are used throughout subsequent sections.

The goals of quality metrics (QM) technology are to enable a software acquisition

manager to (I) specify the types and degrees of software qualities desired in the end

product and (2) predict end-product quality levels through measdring the degree of

those qualities present during development. The Rome Air Development Center

(RADC) quality program (see Sec. 1.1) has established a model for viewing software

quality. Figure 2.2-2 depicts this model, showing a hierarchical relationship between a

quality factor, criteria, and metrics. Criteria and metrics are factor attributes.

aj Quality factors (e.g., reliability, usability, correctness, and maintainability) are user-

oriented terms, each representing an aspect of software quality. Thirteen quality

factors are used to specify the types of qualities wanted in d particular software

product. Product environment and expected use affect emphasis. For example, if

human lives could be affected, integrity, reliability, correctness, verifiability, and

survivability would be emphasized. If the software is expected to have a long life

cycle, maintainability and expandability would be emphasized.

Criteria are software-oriented terms representing software characteristics. For

example, operebility arid training are criteria for usability. The degree to which these

characteristics are present in the software is an indication of the degree of presence

of an aspect of quality (i.e., a quality fLctor).

Metrics are software-oriented details of a characteristic (a criterion) of the software.

Each metric is defined by a number of metric elements. The metric elements enable

quantification of the degree of presence of criteria and, hence, factors. "Are all the

.4 errors specified which are to be reported to the operator/user?" is an example metric

element question for the criterion operability (see worksheet 0, OP.1(2), App. A).

Using the methodology described in Volume II, Section 4.0, the acquisition manager is

responsible for specifying needed quality factors by priority, with quality levels

3-1



Table 3.1-1 Software Quality Factor Definitions and Rating Formulas

A(O6,$IT.ONCONCIAN QUALITY FACTOR DEFINIIION RATINGFORMUFA

EFFIIENCY R1,AT1d.11.. .. ARES0O1-(EI .O1 IU I, STORAGE I- A(CTUAi RRE OTIOZAT.IN
SPACE F ,CESSN(. TIME (OMMUN . TkI. T 1IE ALIOCATtO RESOURCE UTILATION

IJTEGRITY EXTENTTOWHICNT1E SOITWARE Writ PRRIORIVIVNIINOUT 1. tRR5

FALUFES DUE TO UNAIT.ORJZO A(([. TO T i (DE OR DATA IINtS Of COD
VITH.NASPEIFIID TIfME PERIOD

PERFORMANCE RELABILITY EXTENT TO WICH THE SOFTWARE WILL PERFORM WITHOUT AY I ERRORS

FAILURES WIlN A SPERIFIED TIME PERIOD LiTIES.GF CODE
SURVIVABILITY EXTENT TOWHiCH THE SOFT WAR Witt PERFORMANDSUPPORT I ERRORS

, C RITRCAL FIL, *TiONS WITHOUT FAILIR(S WITHII A SPECIFIED TIME LiIES OF CODE
F ODWHN. 1ARIIONOf THE SYST(M.SiNOPEPAILE

USABILIIY REtATIVE (FFORT FORUSING SOFTWARE (TRAININGAND I LABOR DAYS TOUSE
OPERATIONI(e FAMILIARIZATION INPUT PREPARATION LABOR YEARSTODEVELOP
I XECUTION OUTPUT INTIRPRE tATION)

CORRECTNESS EXTENT TOWhICH THE SOFTWARE CONFORMS TO ITS I ERRORS
SPICII.CATIONS AND STANDARDS LINES OF COD

Ei.N MAINTAINABILITY EASE OF EFFORT FOR kOAITG AND FIING A S01tWARE FAILURE 1 0 1 (AVERAUEk LABOR DAYST1O0FIX)
WITHIN ASPECIFIEDOTIME PE RIOD

VERIFIAILITY RELATIVE EFFORT TO VERIFY THE SPECIFIEDSOFTWARE OPERATION I EFFORT ?OVERAfY
AND RERFORMACE EFFORT TODEVEL OP

EXPANDARILITY RELATIVE EFFORT TOINCREASE THE SOFTWARE (APAlSBILIOR I EtFORT TOEXPAND
- . PERFORMANCE BY ENHANCING CURRENT FUNC TIONS OR By AfIDING EFFORT TO DEVELOP

- NIWFUNCTIONSOR DATA

FLEXIBILITY EASE OF EFFORT FOR CHANGING THE $OF TWARE MISSIONS, I. 00$ (AVERAGE LABOR DAYS TO
FUNCTIONS ORDATA TO SATiSFYOTHERRIOUIREMEN(S CHANGE)

ADAPTATION INT(ROPERARILITY RELATIVE EFFORT TOCOUPLE THE SOFTWAE OF ONE SYSTEM TO I EFFORT TOCDUPI
THE SOFTWARE OF ANOTHERSYSTEM EFFORT TODvE LOP

PORTABILITY RELATIVE EFFORT TO TRANSPORT THE SOFTWARE FOR USE IN I- EFFORT T0 TRANSPORT
ANOTHER ENVIRONMENT (HARDWARE CONFIGURATION ANDOR EFFORT TODEVELOP

SOFTWARE SYSTEM ENVIRONMENT)

REUSABILITY RELATIVE EFFORT TOCONVERT ASOFIWAR( COMPONENTFORUSE I- FFORT TOCONVERTIN ANOTHERAPPILICATION EFFORT TODEVELOP

NOTE TH( RATING VALUE RANGE ISIFROMO TO I IF THE
VALUE I LESS THAN 0 THE RATING VALUE IS
ASSIGNED TOO
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commensurate with cost consideratior,. Factor requirements are provided as part of

the software requirements (along with operational, performance, and design

requirements). This enables the corresponding criteria and metrics to be identified

and used to measure the degree of presence of desired qualities at key review points

during development, allowing periodic predictions of the quality level for the final

product. Metric worksheets and scoresheets help in applying the metrics and in

determining metric scores.

3.1 SOFTWARE QUALITY FACTORS

Thirteen software quality factors are identified in Table 2.2-1, with the user concern

that characterizes the need for each type of quality. Quality factors are shown

grouped under one of three acquisition concerns: performance, design, or adaptation.

An acquisition manager specifying requirements for software will likely do so it. a
DOD-STD-SDS format in four main areas: (1) software performance characteristics

(performance), (2) software design and construction (design), (3) anticipated software

expansion or reuse (adaptation), and (4) quality assurance (including quality metrics).

The similarity of areas and acquisition concerns enables the acquisition manager to

easily identify and select quality factor categories and specific factors of interest.

Quality criteria are similarly categorized (see Sec. 3.2); thus, selecting criteria and

metrics is simplified.

3.1.1 Factor Definitions and Rating Formulas

Quality factor definitions and factor rating formulas are shown in Table 3.1-1. Rating

formulas quantify user concerns for the final product. The formulas use three types of

njeasuie,,enbL: (1) number of errors per lines of code (2) effort to perform an action

and (3) utilization of resources. Ratings should !all in the range from zero to one. The

.- rating formula for reliability is one minus the number of errors per lines of code. For

example, if one error per 1,000 lines of code occur during a given time period (e.g.,

during operational testing and evaluation) the rating formula shows a reliability level

of 0.999 (1-1/1,000 = 0.999).

-During software development, metrics are applied to software products, and a metric

score is calculated for the appropriate facLors. This metric score is an estimation (or
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prediction) of what the qualicy level will be for the final product. Figure 3.1 -1

indicates the timeftames during which rating values are estimated through metric

scores (closed box) and the timeframes during which rating values can be assessed by

using actual data arid the rating formula (dotted box). For example, the rating value

for reliability is estimated by using metric scores during software development.

During operational testing and evaluation and during production and deployment,

actual data on number of errors per lines of code become availble to assess the rating

and evaluate predictions made during development. Exact correlations between

metric scores and rating values have not been established. Research has only shown

that higher metric scores during development result in higher quality end products.

Table 3.1-2 shows a range of values for each rating formula that might occur when

using actual data (e.g., during production and deployment) to assess rating values. The

values shown are hypothetical.

The following paragraphs describe the factors and rating formulas in each acquisition

concern category.

Performance. Performance quality factor , deal both with the ability of the software

to function and with error occurrences that affect software functioning. Low quality

levels predict poor software performance. These quality factors are efficiency,

integrity, reliability, survivability, and usability.

Efficiency deals with utilization of a resource. The rating formula for efficiency is in

terms of actual ul ilization of a resource and budgeted allocation for utilization. For

example, if a unit is budgeted for 10% available memory and actually uses 7%, the

rating formula shows an efficiency level of 0.3 (1 - 0.07/0.10 = 0.3).

Integrity de!c with software security failures due to unauthorized access. The rating

formula for i,-iegrity is in terms of number of integrity-related software errors

occuring durin a give n time (e.g., during operational testing and evaluation) and total

number of executable lines of source code. This formula is similar to the formula for

reliability; the difference is that reliability is concerned with all software errors, and

integrity is concerned only with the subset of errors that affect integrity. For

example, if three integrity-related errors per 10,000 lines of code occurred during

operational testing and evaluation, the rating formula shows an integrity level of

0.9997 (1 - 1/10,000 0.9997).
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Table 3.1-2 Quality Factor Ratings

Quality factor Rating formula Rating information

Efficiency Actual utilization Value 01 03 05
___,___ Allocated utilization % utilization 90% 70 % 50%

I " Integrity 1- Errors Value 09995 0 9997 09999
Lines of code Errors/LOC 5110,000 3/10.000 1/10000

Reliability 1- Errors Value 0995 0997 0999
Lines of code Errors/LOC 5/1 000 3/1,000 1/1 000

Survivability 1- Errors Value 09995 0 9997 09999
Lines of code Errors/LOC 5/10 000 3/10 000 1/10 000

Usability 1- Labor-days to use Value 0 5 0 7 09

Labor-years to develoo Days/years 5/10 6/20 101100

Correctness 1 Errors Value 0 9995 0 9997 0 9999
__________Lines of code Errors/LOC 5/10 000 3/10,000 1/10 000

- Maintainability I- 0 1 (average labo,- Value 08 0 9 0o95
days to fix Average laoor-days 20 10 05

.- Verifiablity 1- Effort to verify Value 04 0 s 06
_____Effort to develop % effort 60% 50% 40%

-. Exoandability 1, Effort to exoand Value 08 09 095

- "_ Effortto develoo % effort 20% 10% 5%

Flexibility 1- 0.05 (average labor- alue labo-y n A q A q;
"________-__days to change) Average iabor-cays 40 20 10

Effort to couole Value 09 095 099' "I n t e r o p e r a b i it y 1 - / e f o t151
Effort to develop % effort 10 5 1

P Effortto transport Value 09 095 099
Effort to develop % effort 10 5 1

-esblt - Effort to convert Value 04 06 0 8H.. __Reusability 1-
Effort to develop % effort 60 40 20
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Reliability concerns any software failure. The rating formula for reliability is in

terms of total number of software errors occurring during a specified time and total

number of executable lines of source code. For example, if three errors per 1,000

lines of code occirred during operational testing and evaluation, the rating formula

shows a reliability level of 0.997 (1 - 3/1,000 = 0.997).

The concern with survivability is that software continue to perform (e.g., in a

degraded mode) even when a portion of the system has failed. The rating formula for

survivability is in terms of number of survivability-related errors (the subset of errors

that affect survivability) occurring during a specified time and total number of

executable lines of source code. This formula is similar to the formula for reliability.

Usability deals with relative effort involved in learning about and using software. The

rating formula for usability is in terms of average effort to use software (to train for

using it and to operate it) and original development effort. This formula considers size

of the software system in rating usability. It is recommended that effort to use be

expressed in labor-days and effort for original development be expressed in

labor-years to maintain a scoring range consistent with that of other factors. For

example, if 10 labor-days were required for training on a system that required 100

labor-years to develop, the rating formula shows a usability level of

0.9 (0 - 10/100 = 0.9); and if five labor-days were required for training on a system

that required 10 labor-years to develop, the rating formula shows a usability level of

0.5 (1 -510 =0.5).

Design. Design quality factors deal mainly with software failure and correction. Low

quality levels usually result in repeating a portion of the development process (e.g.,

redesign, recode, reverify); hence the term design. The factors are correctness,

maintainability, and verifiability.

Correctness deals with the exte.nt to which software design and implementation

conform to specifications and standards. Criteria of correctness (completeness,

consistency, and traceability) deal exclusively with design and docu'mentation formats.

Under the three criteria there are no metrics dealing with content material affecting

software operation or performance. The rating formula for correctness is in terms of

number of specifications-related and standards-related errors that occur after formal
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' ~ release of the specifications and standards and total rumber of executable lines of

source code. This formula is also similar to the formula for reliability; the difference

is that correctness is concerned only with that subset of errors related to violations of

specified requirements and nonconformance to standards.

. Maintainability is concerned with ease of effort in locating and fixing software

failures. The rating formula for maintainability is in terms of average number of
labor-days to locate and fix an error within a specified time (e.g., during production

and deployment). For example, if an average of 0.5 labor-days were required to locate

and fix errors during production and deployment, the rating formula shows a

maintainability level of 0.95 (i - (0.1 x 0.5) = 0.95).

Verifiability deals with software design characteristics affecting the effort to verify

software operation and performance. The rating formula for verifiability is in terms
of effort to verify software operation and performance and original development

*- effort. This formula is similar to the adaptation, effort-ratio formulas. For example,
if 40% of the development effort is spent reviewing and testing software, the rating

formula shows a verifiability level of 0.6 (1 - 0.40/1.00 0.6).

Adaptation. These quality factors deal mainly with using software beyond its original
requiements, such as extending or expanding capabilities and adapting for use in

another application or in a new environment. Low quality levels predict relatively

high costs for new software use. Quality factors are expandability, flexibility,

*] interoperability, portability, and reusability.

Expandability deals with relative effort in increasing software capabilities or
performance. The rzting formula for expandability s in terms of effort to increase

0--, software capability and performance and original develop:. . ffort. For example, if

five labor-months were spent enhancing software perfo',f-,,.nce for software that

orignally took 100 labor-months to develop, the rating formula shows an expandability

level of 0.95 (1 - 5/100 0.95).

Flexibility deals with ease of effort in changing software to accommodate changes in

requirements. The rating formula for flexibility is in terms of average effort to
* change software to satisfy other (i.e., new or modified) requirements within a
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specified time. For ekample, if an average of one labor-day was required to modify

software functioning during operational testing and evaluation, the rating formula

shows a flexibility level of 0.95 (1 - (0.05 x 1) = 0.95).

- Interoperabilty is concerned with relative effort in coupling software of one system to

software of one or more other systems. The rating formula for interoperability is in

terms of effort to couple and original development effort and is similar to the formula

for expandability.

Portability deals with relative effort involved in transporting software to another

environment (e.g., differert host processor, operating system, executive). The rating

formula for portability is ,n terms of effort to transport software for use in another

environment and original development effort and is similar to the formula for

expandab ility.

Reusability is concerned with relative effort for converting a portion of software for

use in another application. The rating formula for reusability is in terms of effort to

convert software for use in another application and original development effort and is

similar to the formula for expandability.

If adaptation effort is greater than original development effort, the effort-ratio

formulas will yield a quality level value less than zero. In this case, the quality level

value is assigned to zero. (This situation is considered unlikely because it would

probably be less expensive to develop a new product than to adapt an existing one.)

3.1.2 Quality Factor Interrelationships

Relationships exist among quality factors; some relationships are synergistic and

others conflicting. Specifying requirements for more than one type of quality for a

product can possibly have either a beneficial or an adverse effect on cost to provide

the quality. Factor relationships and relative cost to provide are discussed in Section

4.0 of the specification guidebook 'Vol. It).

iv.
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* Table 3.2-1 Software Quality Factors and Criteria

ACQUISITION CONCERN PERFORMANCE DESIGN ADAPTATION
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C F T L R A R R P E F R U
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U C G A I I F T F N I R A A

I R B V L C A I D B 0 8 BS E I A I T I A A I P IN T L B T N N A 8 1 F I.
T C Y 1 I Y E A I I R

0L S 8 L L T A T
N y II TTYS I Y Y Y, . NT L T,

C Y I1,

N Y T
N Y

E
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" ACCURACY AC X

E ANOMALY MANAGEMENT AM X "
R AUTONOMY AU X

F DISTRIBUTEDNESS AI X

R EFFECTIVENESS COMMUNICATION EC X

M EFFECTIVENESS- PROCESSINC EP X
A EFFECTIVENESS. STORAGE ES X
N OPERABILITY OP K
C RECONFIGURABILITY RE x

SYSTEM ACCE SSIBILITY S X
TRAINING TN

E COMPLETENESS CP

S CONSISTENCY CS
TRACEABILITY 

TCx

G VISIBILITY VS X

0, APPLICATION INDEPENDENCE AP 1
A AUGMENTABILITY AT jX"
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P UNCTONALOVERLAP FO x

A FUNCTIONAL SCOPE FS 
4,1 X

T GENERALITY CE j ,

0 ( NUtetNUtLNE ID A

N SYSTEM CLARITY ST I K
SYSTEM COMPATIBILITY SY K

VIRTUALITY VR 
x

G ,MODULARITY MO X XE
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E SIMPLICITY SI X X X X X X
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3.2 SOFTWARE QUALITY CRITERIA

Criteria are software-oriented terms representing software characteristics. Software

quality criteria can be grouped under the same three aquisition concerns as quality

factors: performance, design, and adaptation. Table 3.2-1 shows the relationship of

criteria to quality factors. Four categoriez for criteria are shown: performance,

design, adaptation, ind general. Each criterion is an attribute of or,- or more quality

factors. The criteria in the first three categories are solely attributes of factors

within the same acquisition concern (i.e., performance, design, and adaptation).

Criteria in the fourth category are factor attributes within more than one acquisition

concern.

Criteria and factors within each category are listed alphabetically for easy

referencing. Alphabetizing by name or by acronym gives the same sequence. Criteria

definitions are listed in Table 3.2-2.

3.3 SOFTWARE QUALITY METRICS

Metrics are software-oriented details of a software characteristic (a criterion). Each

criterion consi3ts of one or more metrics. Each metric is an attribute of only one

criterion. Table 3.3-1 lists the name and acronym of each criterion (in alphabetical

order) and the name and acronym of each metric that is an attribute of that criterion.

Metric acronyms are acronym extensions of the parent criterion. For example, the

acronym for the criterion commonality is CL; the acronym for the three metric

attributes are CL.l, CL.2, and CL.3.

Each . .c. is defined by one or morc metric dlcmects. Mcti c cmcnts arc detailed

questions applied to software products; answers to them enable quantification of

metrics and of the parent criterion and factor. Metric elements are designated by

acronym only (no name) and are listed on the metric worksheets. Acronym designation

is an extension of the parent metric acronym. For example, the 14 metric element

acronyms for the metric CL.l are CL.l (1) through CL.1 (14).

3-11
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Table 3.2-2 Quality Criteria Definitions

ACO-
Yl UISI.

TION

CON- CRITERION ACRONYM DEFINITION
CERN-

ACCURACY AC 9 Those characteristics of software which provide the required precision in
calculations and outputs

ANOMALY MANAGEMENT AM 9 Those characteristics of software which provide for continuity of opcations
unDer and recovery from non-nominal conditions

AUTONOMY AU 0 Those cnaracteristics of software which determine its non-depenoncy on
p interfaces and functions
E DISTRIBUTEDNESS 01 9 Those cnaracteristcs of software which detemrine the deoree to wnich software

functions are geograpnically or logically separated within the system
R EFFECTIVENESS-COMM EC e Those characteristics of the software wnscn provide for minimrim utilization of
F communications resources in Performing functions
O EFFECTIVENESS-PROCESSiNG EP * Those characteristics of the software wnich provide for minimum utilization of
R processing resources in performing functions

EFFECTIVENESS STORAGE ES 9 Those characteristics of the software which provide for minimum utilization of
M storage resources
A OPERABILITY OP * Those characteristics of software which determine ooerations and procedures
N concerned with operation of software and which provide ueful inputs andoutputs which can be assimilated

RECONFIGURABILITY RE I Those characteristics of software which Provide for continuity of system

E operation when one or more processors, storage units. or communication links
falls

SYSTEM ACCESSIBILITY SS * Those characteristics of software which provide for contro. and audit of access to
the software and data

TRAINING TN 9 Those character.stics of software which provide transition from current operation
and provide initial familiarization

D COMPLETENESS CP * Those cnaracteristics of software wnich provide full impifmentation of the
Cfunctions required
CONSISTENCY CS e Those characteristics of software which provide for uniform design and

S imoiementtion techniques and notationI TRACEABILITY TC * Those characteristics of software which provide a threan of origin from the

G imotementation to the requirements with respect to the soecified aeveiopment
envelope and operational environment

VISIBILITY VS 0 Those cnaracteristics of software wnich provide status monitoring of the

development and operation

APPLICATION INDEPENDENCE AP e Those cnaracteristics of software which detemrine its nonoependency on
catabase system microcode, computer architecture, and algorithms

AUGMENTABILITY AT o Those characteristics of software which provide for expansion of capability for
functions and data

COMMONALI Y CL I Those characteristics of software which provide for the use of interface standards
A for protocols, routines and data representations
D DOCUMENT ACCESSIBILITY DO * Those characteristics of software which provides for easy access to software andselective use of its components
A FUNCTIONAL OVERLAP FO 9 Those characteristics of software which provide common functions to both
P systems
T FUNCTIONAL SCOP. FS * Those characteristics of software which provide commonality of functions among

A applications
GENERALITY FE I Those characteristics of software which provide breadth to the functions

performed with resoect to the application
I INDEPENDENCE ID a Those characteristics of software which determine its non-dependency on

0 software environment (computing system operating system utilities, input.
output routines, libraries)

SYSTEM CLARITY ST * Those characteristics of software whcih Provide for clear description of program
StIuCtUil IMi d Iiui-(LiiIp;CA diiu UiiVI 5iiAid JUil Ilidiiiir

SYSTEM COMPATIBILITY SY * Those characteristics of software wnich provide the haroware, software, and
communication compatibility of two systems

VIRTUALITY VR * Those characteristics of software which Present a system that does not requireuser knowleoge of the onyx 'al. logical or toDOiocical cnaracteristics

G MODULARITY MO * Those cnaracteristics of software wnich provide a structure oi higniy conesivecomponents with optimum coupling
SELF-DESCRIPTIVENESS SD * Those cnaracteristics of software which provide explanation of the

impiementation of functions
E SIMPLICITY SI * Those characteristics of software which provide for definition and
R impiementation of functions in the most noncomplex and understandable
A manner
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Table 3.3-1 Quality Metrics Summary

CRITERION METRIC

NAME ACRONYM NAME ACRONYM

ACCURACY AC ACCURACY CHECKLIST AC.A

ANOMALY AM ERROR TOLERANCE/CONTROL AMA
MANAGEMENT IMPROPER INPUT DATA AM.2

COMPUTATIONAL FAILURES AM.3
HARDWARE FAULTS AM 4
DEVICE ERRORS AM S
COMMUNICATIONS ERRORS AM 6
NODE;COMMUNICATION FAILURES AM.7

APPLICATION AP DATA BASE MANAGEMENT IMPLEMENTATION AP I
INDEPENDENCE INDEPENDENCE

DATA STRUCTURE AP 2
ARCHITECTURE STANDARDIZATION AP3
MICROCODE INDEPENDENCE AP 4
FUNCTIONAL INDEPENDENCE AP S "_

AUGMENTABILITY AT DATA STORAGE EXPANSION AT.1
COMPUTATION EXTENSIBILITY AT2 2

' CHANNEL EXTENSIBILITY AT.3
, DESIGN EXTENSIBIUTY AT4

* AUTONOMY AU INTERFACE COMPLEXITY AU.1 .
SELF-SUFFICIENCY AU.,

COMMONALITY CL COMMUNICATIONS COMMONALITY CL.1
DATA COMMONALITY CL.2
COMMON VOCABULARY CL.3

COMPLETENESS CP COMPLETENESSCHECKLIST CP I

CONSISTENCY CS PROCEDURE CONSISTENCY CS I

DATA CONSISTENCY CS 2

DISTRIBUTEDNESS DI DESIGN STRUCTURE DlI

DOCUMENT DO ACCESS TO DOCUMENTATION DO1
ACCESSIBILITY WELL-STRUCTURED DOCUMENTATION DO 2

EFFECTIVENESS- EC COMMUNICATION EFFECTiVENESS rMEASURE EC.1
COMMUNICATION

EFFECTIVENESS- EP PROCESSING EFFECTIVENESS MEASURE EP.1

PROCESSING DATA USAGE EFFECo IVENESS MEASURE EP2

EFFECTIVENESS-STORAGE ES STORAGE EFFECTIVENESS MEASURE ES.I

FUNCTIONAL OVERLAP FO FUNCTIONAL OVERLAP CHECKLST FO.1

FUNCTIONAL SCOPE FS FUNCTION SPECIFICITY FS.l
FUNCTION COMMONALITY FS.2
FUNCTION SELECTIVE USABILITY FS.3

GENERALITY GE UNIT REFERENCING GE.1
UNIT IMPLEMENTATION GE.2

iNDEFENDENCE iD SOFTVARE iNDEPENDENCE FROM SYSI EM ID I
MACHINE INDEPENDENCE IDI 2

MODULARITY MO MODULAR IMPLEMENTATION MO.1
MODULAR DESIGN MO 2

OPERABILITY OP OPERABILITY CHECKLIST OP 1
USER INPUT COMMUNICATIVENESS OP 2
USER OUTPUT COMMUNICATIVENESS OP 3

RECONFIGURABILITY RE RESTRUCTURE CHECKLIST RE.1

SELF-DESCRIPTIVENESS SD QUANTITY OF COMMENTS S01
EFFECTIVENESS OF COMMENTS SD 2
DESCRIPTIVENESS OF LANGUAGE SO3

SIMPLICITY SI DESIGN STRUCTURE Sl I
STRUCTURED LANGUAGE OR PREPROCESSOR SI 2
DATA AND CONTROL FLOW COMPLEXITY SI 3
CODING SIMPLICITY SI 4
SPECIFICITY S15
HALSTEAD'S LEVEL OF DIFFICULTY MEASURE SI 6

3-13



Table 3.3-1 Quality Metrics Summary (contbiued)

CRITERION METRIC

:-: NAME ACRONYM NAME ACRONYM

SYSTEM ACCESSIBIUTY CESS CONTROL SS.1
- ACCESS AUDIT SS1

SYSTEM CLARITY ST INTERFACE COMPLEXITY ST.1
PROGRAM FLOW COMPLEXITY ST.2
APPLICATION FUNCTIONAL COMPLEXITY ST 3

- COMMUNICATION COMPLEXITY ST 4
STRUCTURE CLARITY ST.S

* SYSTEM COMPATIBILITY SY COMMUNICATION COMPATIBILITY SY 1

DATA COMPATIBILITY SY 2
HARDWARE COMPATIBILITY SY 3,'," "SOFTWVARE COMPATIBILITY SY 4

DOCUMENTATION FOR OThERSYSTEM SY S

, TRACEABILITY T CROSS REFERENCE j TC.1

TRAINING TN TRAINING CHECKLIST 'N.I

VIRTUALITY VR SYSTEMIDATA INDEPENDENCE VR I

" VISIBILITY VS UNIT TESTING i JS
INTEGRATION TESTING S.2
CSCI TESTING vS 3

;-.. -

v
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3.4 METRIC WORKSHEETS

Metric worksheets are contained in Appendix A. The worksheets contain metric

elements as questions. Software products (specifications, documents, and source

listings) are used as source information to answ.r questions on worksheets; answers are

ther. translated into metric element scores (yes = 1, no = 0, and a formula answer
results in a score from 0 to 1). This enables scoring of the parent metric, criterion,

and factor and results in a quality level indication for the product. J!

Seven different worksheets are applied in different development phases. Table 3.4-1

indicates the timeirame during an acquisition life-cycle phase when a worksheet is

used, sho\ks the software level of abstraction at which the worksheet is applied, and

lists key terminology used within the worksheet.

Worksheet 0 is applied to products of system/software requirements analysis. The

worksheet is applied at the system level. (For large systems, software may not be a

discernible component in the design with separate requirements at the system level.

In this case, worksheet 0 is applied at the system segment level.)

Worksheet I is applied to products of software requirements analysis. A separate

worksheet is used for each CSCI.

Worksheet 2 is applied to products of preliminary design. A separate worksheet is

used for each CSCI.

Worksheets 3A and 3B are applied to products of detailed design. A separate

worksheet 3A is used for each CSCI. A separate worksheet 3B is used for each unit of

a CSCI. Worksheets 3A and 3B are applied together; answers on 3B worksheets for

CSCI units are used in scoring the 3A worksheet for that CSCI.

Worksheets 4A and 4B are applied to products of code and unit testing. Worksheets 4A

and 4B are ar-lied in the samie manner as 3A and 3B. A separate worksheet 4A is used

for each CSCI, and a separate worksheet 4B is used for each CSCI unit.
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CAt Ck:

Table 3.4-1 Metric Worksheet/Life-Cycle Corr(lation

Life.Cycle
Phase/ Demonstration
Activ:ty & Validation Full-Scale Development (FSD)

r -SotSystem/ Soware
Software Requirements Preliminary Detailed Coding & CSC C5CI. Level System

Application Level/ Requirements Analysis Design Design Unit Testing Integration& Testing lnteg,-ion &

Terminology Analysis Tcsting Testing

System & System .
* System Metrie II

function Wotksheet |

I CSCl 0 |

II
* CSCI Metric I

CSCI 0 Sofswars Worksheet |
function I

I (Selected metric questions are
CSCI I reapplied during the integration

CSCI • top.level CSC Metric I and testing phases as indicated in the
Worksheet quality attribute correlation table in

2 *I Appendix A)

* Top-level CSC Metic Metric
" CI * Lower-level Workshvet Worksheet I

CSC 3A 4A I
" Unit I

UNIT a Unit Metric Metric I
. Worksheet Worksheet I

3B 48
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For the remainder of the development cycle, selected metric questions are reapplied

as indicated in the quality attribute correlation table in Appendix A.

Metric worksheets are designed to be applied at specific levels (e.g., CSCI, unit).

Worksheets can be applied at other levels; however, some questions may not be

applicable. For example, if worksheet I were applied to a CSCI function, question

CP. I(6) should be deleted or reworded because it only applies at the CSCI level.

Metric \%orksheets are designed to be applied to software development products

identified in DOD-SID-SDS. The minimum product set is listed by software

development phase in Table 3.4-2. Each product is identified by title and by DID

number. Information from the entire set of products for a particular phase is needed

as source material to answer metric questions on the worksheet applicable to that

phase. It is not necessary to specify the complete product set for each acquisition,

only to have equivalent information available to answer worksheet questions. For

example, when acquiring a small system, information regarding the QA plan and

software standards may be included as part of the .oftware development plan.

3.5 FACTOR SCORESHEETS

Factor scoresheets are contained in Appendix B. There are 13 factor scoresheets, one

for each software quality factor. Scoresheets are used for translating information at

the metric element level on the worksheets into a quality level score for a quality

factor. Each scoresheet has blanks for the factor and for all attributes of that factor

(i.e., criteria, metrics, and metric elements). Worksheet information is transferred to

the scoresheets at the metric element level. "Yes" answers are scored as 1; "no"

answers are scored as 0; and numeric answers resulting from formulas are transferred

directly to scoresheets (scoring range from 0 to 1). Scores are then calculated for the

parent metrics, criteria, and factor according to the hierarchical (attribute)

relationship indicated on the scoresheet.

3-17
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Table 3.4-2 Software Development Products

Phase/Product Title Applicable DID

System/Software Requirements Analysis

System/Segment Specification DI-S-X 101

Software Development Plan DI.A-X 103

Preliminary Softwpre Requirements Specification DI-E.X 107

Operational Concept Document DI-M.X 125

Software Quality Assurance Plan DI-R.X 10S

Software Problem/Change Report DI-E-Xl0G

Software Standards and Procedures Manual DI-M.X109

Preliminary Interface Requirements Specification DI-E.X 108

":'X Software Reauirements Analysis

Software Requirements Specification DI-E-X 107

Interface Requirements Specification DI.E.X 108

Preliminary Design

Software Top-Level Design Document DI-E-X 110

Software Test Plan DI-T-X116

Preliminary Software User's Manual DI.M-X 121

Preliminary Computer System Operator's Manual DI-M-X 120

Detailed Design

Software Detailed Design Document DI-E-XI II

Software Test Description DI-T-X 117

Data Base Design Document DI.E-X1 13

Interface Design Document DI-E-X1 12

Coding and Unit Testing

Source Code/Listings (Appendix)

Preliminary Software Test Procedure DI.T-X 118

CSC Interration and Testing

Software Test Procedure DI-T-Xt 18

CSCI-Level Testing

Software Product Specification DI-E-X1 14

Software Test Report(s) DI-T-X 119

Software User's Manual DI-M-X121

Computer System Operator's Manual DI-M-X 120

.. System Integration and Testing

Software Product Specification DI-E-X1 14

Software Test Report(s) DI-T-X1 19

Software User's Manual DI-M-X121

Computer System Operator's Manual DI-M-X 120
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4.

4.0 SOFTWARE QUALITY EVALUATION METHODOY.OGY

This section describes a methodology for evaluating achieved software quality for

products of the development process. The methodology includes procedures for

determining quality level scores and interpreting scoring results.

Methodology Overview. Evaluating software quality is part of a larger process for

using quality metrics in software acquisition management. Figure 4.0-1 shows this

process in two major parts: software quality specification, including assessment of

compliance with requirements, and software qualLy evaluation (measurement of

achieved quality levels). This document, the Software Quality Evaluation Guidebook,

provides guidance for evaluation. The Software Quality Specification Guidebook

provides guidance for specification.

In Section 2.0, two quality metrics functions-specification and monitoring-were

described. Specification includes identifying and detailing quality requirements and

monitoring includes gathering and reducing data, comparing results with requirements,

and taking corrective action if necessary. Section 4.0 groups these functional

* activities into two slightly different categories-specification and evaluation-to

rnable separating the guidebooks for personnel who will be performing different

functions. Software quality specification, as shown in Figure 4.0-1, includes

identifying and specifying requirements and assessing compliance with these require-

ments since these are the responsibility of System Program Office (SPO) personnel.

Results of compliance assessment are used to initiate corrective action. Software

quality evaluation includes only data collection and analysis and generation of ine

Software Qudlity Evaluation Report since these are the responsibility of the develop-

ment contractor or an independent verification and valiaetion (IV&V) contractor (or an

Air Force organization, as is discussed in Sec. 2.3).

4. The process begins early in the system life cycle-usually during system demonstration

and validation. We _-sume that a description of the nature of the system and system

needs or requirements exists. This description could be a statement of work or a draft

system specification and is the primary basis for identifying software quality factor

requirements. A series of procedural steps is performed to determine specific

4-1
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Figure 4.0-1 Software Quality Specification and Evaluation Process
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V.
S

software quality needs and to specify quality requirements. Steps include polling

groups such as the Air Force using command and the Air Force Logistics Command

(AFLC) in order to provide a comprehensive set of operational and support quality I.
requirements from a quality factor point of view. These steps could be performed by

the SPO or the development contractor or through awarding a separate contract.

Software quality requirements are entered into the system requirements specification

and are treated as contractual obligations (just the same as technical requirements). ..-

As the system contractor proceeds with development, quality requirements from the

system requirements specification are allocated to lower level specifications and -

finally assigned to units within the software detailed design document in a manner

similar to that for other requirements. This requirements flow is shown in Figure

4.0-2. Each time during the cycle that development products are released (usually at

major -eview points such as system design review (SDR), software specification review

(SSR), preliminary design review (PDR), and critical design review (CDR)), quality

metrics, in the form of metric worksheets, are applied to the products. Raw data are

then used to calculate scores indicating quality level achieved for each quality factor,

and these scores are compared to specified requirements.

Application of metrics and scoring of achieved product quality levels are performed by

the development contractor to show compliance with quality requirements. It is
anticipated that product evaluation will also be performed in parallel by another group

such as an IV&V team, the AFPRO, SPO Software Engineering, or Product Division

Software Quality Assurance, as is discussed in Section 2.3. Data collection and

analysis results are documented in a Software Quality Evaluation Report (see App. C).

This report is reviewed separately at major review points. The report is included in

the review package released before the review date. The SPO uses these results to

assess compliance with quality requirements and (1) approves or disapproves of

compliance variations at the review and/or (2) respecifies quality requirements and

ensures that changes are reflected in the system requirements specification.

Use of the Methodology and Guidebooks. The methodology and guidebooks were

designed primarily for use on projects during which quality requirements are specified

early in the life cycle and achieved quality levels are evaluated periodically during

development as was depicted in Figure 1.4-1. The methodology and guidebooks can
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Figure 4.0-2 Flow of Software Quality Requirements
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also be used outside the life-cycle context to evaluate particular products such as a

specification, design document, source code, or proposal. The purpose might be to

evaluate reliability or maintainability of an operational product to determine if it is 411

suitable for an application, to evaluate and compare quality levels of two products for

purchasing, or, to determine reusability of an operational product as an aid in

determining adaptation costs for a new application. The purpose might also be to

evaluate quality aspects of new-business proposals or system specifications to help

determine a competitive contract award.

The methodology is similar regardless of context. Select important factors, criteria,

and metrics. Select appropriate wurksheets. Collect data and analyze results. Factor

selection should be simplified for applications outside the life-cycle context because it

is unlikely that factor cost trades would be performed; however, it is very important

that factor interrelationships still be considered to avoid misinterpreting factor scores

(explanation in Sec. 4.1.3 of the specification guidebook, Vol. II). Criteria and metrics

selections follow factor selection and should considcr environmental and application

particulars.

Selecting appropriate worksheets requires care to ensore desire,, results. In using the
methodology for a new project with distinct development phases and reviews, a set of

products is available at each review point. The metric worksheets are designed to be

applied to these products. The products assumed to exist at the end of each software

development phase are identified by title and data item description (DID) number in

Table 3.4-2. To use the worksheets outside this life-cycle context, the product being

evaluated should be matched as closely as possible to products identified in Table

3.4-2, and then the corresponding worksheets can be selected. For example, the

technical portion of a proposal might correspond Aosebt tu d ystein and/or system

segment specification or to a software requirements specification. Worksheet 0

and/or I would be chosen and appropriate questions selected. When the source code is

available for an operational product, worksheets 4A and 4B would be used. If the

detailed design documentation were available, worksheets 3A and 3B would also be

used. Data collection and analysis results can be reported using the Software Quality

Evaluation Report (see App. C).
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Evaluation Procedural Overview. Achieved quality levels should be evaluated near the

end of each development phase for the product sets listed in Table 3.4-2. Achieved

quality levels can be reevaluated each time a new version of a document in the

product set is released. Reevaluation can be performed by repeating all evaluation

procedures or by repeating selected procedures and updating prior results.

The generai flow of information for evaluating achieved quality levels is depicted in

Figure 4.0-3. Development products are used as source material for answering

questions on metric worksheets. Answers on worksheets are used to score metric

elements on factor scoreshee.s, and scores are calculated for the parent metrics,

criteria, and factor according to the hierarchical relationship indicated on the

scoresheet. Scoring results are compared to requirements and variations analyzed.

All results are documented in a Software Quality Evaluation Report and submitted to

the SPO.

Appendix A contains metric worksheets. Appendix B contains factor scoresheets.

Worksheets and scoresheets are in a general format and require tailoring for each

project development phase. Appendix C contains the proposed data item description

(DID) for reporting the results of evaluation. Specific content will vary for each

project and for each development phase.

Worksheets are appliee at different levels as indicated in Table 3.4-I. Worksheet 0 is

applied at the system or system segment level. Worksheets 1, 2, 3A, and 4A are

applied at the CSCI level. Worksheets 3B and 4B are applied at the unit level.

Answers from unit-level worksheets (3B and 4B) are only used for answering questions

on corresponding CSCI-level worksheets (3A and 4A) and are not used in conjunction

with scoresheets. Only system-level and CSCI-Ievel worksheet answers are used to

score metric elements on factor scoresheets as indicated in Figure 4.0-4.

Software quality evaluation is divided into two separate processes (as is shown in Fig.

4.0-I): score quality aspects and interpret quality scores. There are three procedures

for scoring quality aspects, as shown in Figure 4.0-5: (1) identify allocation

relationships, (2) apply worksheets, and (3) score factors. Sections 4.1, 4.2, and 4.3

describe the details of each procedure.
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There are two procedures for interpreting quality scores, as shown in Figure 4.0-6: (1)

analyze scoring and (2) recommend corrective action. Sections 4.4 and 4.5 describe

the details of each procedure.

Procedures assume that software quality requirements have been specified quantita-

tively in a system-level specification and include factor goals, attribute criteria,

criteria weignting, :nd metrics applicable to government evaluations.

4.1 IDENTIFY ALLOCATION RELATIONSHIPS

This is the first of three procedures for scoring quality aspects. The purpose of this

procedure is to derive the relationships between system-level functions and software

elements to which quality requirements have been allocated. These relationships

define how metric scores for development products should be used for scoring quality

factors for each system-level function.

Each relationship should reflect the allocation of quality requirements to software

elements, and scoring should show how each applicable software element contributes
to an aspect of quality for the system-level function. Allocations of quality

requirements should parallel allocations of technical performance and design require-

ments because the quality requirements are associ-ted with performing specific

system-level functions. Each software element supporting a specific system-level

function should be allocated quality requirements associated with that function. Many

specifications contain allocation and/or traceability matrices. These matrices can aid

in deriving specific relationships.

CSCi level Evaiuation formuias should be used To show he relationship between

system-level functions and CSCIs to which quality requirements have been allocated.

Evaluation formulas are used to relate factor scores for each CSCI to factor scores for

the parent function. One evaluation formula is required for each system-level

function to show how each applicable CSCI contributes to quality aspects of the
system-level function. A table can be used to simplify formula derivation. All

system-level functions and CSCIs for which quality requirements have been specified

are listed on separate axes. An X is used to indicated each CSCI to which quality

requirements have been allocted from a specific function. The evaluation formula for
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each system-level function can be derived from the table and would indicated that

system-level factor scores are the average of applicable CSCI factor scores.

An average score is used in circumstances where the contribution of each CSCI is

approximately the same. If CSCI sizes vary significantly or quality requirements are

allocated to only small portions of certain CSCIs, using an average score will bias

results, and, therefore, a weighting scheme should be used. A number from zero to

one should be used in place of an X in the table and should indicate the percent ,

contribution of each CSCI by relative amount of applicable code. Sizing estimates

should be used during design phases and actuals during subsequent phases.

Unit leveL During the detailed design and the coding and unit testing phases, metric

scoring is also performed at the unit level for each CSCI. It is not necessary to derive

relationship formulas because answers for unit-level worksheets are used in filling out

CSCI-level worksheets. Applicable scoring at the CSCI level reflects average scoring

at the unit level. (Units are assumed to he approximately equal in size.) However it is

necessary to identify units to which quality requirements have been assigned to enable

application of unit-level worksheets to appropriate units. A list of applicable units

should be made for each CSCI. If a CSCI has been allocated quality requirements from

more than one system-level function, a separate list of applicable units should be

made for each applicable function.

Results of this procedure should be submitted for inclusion in the Software Quality

Evaluation Report.

4.2 APPLY WORKSHEETS

This is the second of three procedures for scoring quality aspects (see Fig. 4.0-5). The

purpose of this procedure is to collect metric data using worksheets. There are seven

metric worksheets, organized by development phase, contained in Appe, ix A. Work-

*'" sheets are applied near the end of a development phase to the producl. .f that phase.
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This procedure consists of three steps:

a. Prepare worksheets (step 1).

b. Gather source material (step 2).

c. Answer worksheet questions (step 3).

4.2.1 Prepare Worksheets (Step I)

Metric worksheet preparation is required prior to collecting data. The appropriate

worksheets should be selected from Appendix A. Table 3.4-1 shows the development

phases during which worksheets are applied. Worksheet 0 is used during system/soft-

ware requirements analysis, worksheet I during software requirements analysis, and

worksheet 2 during preliminary design. Worksheets 3A and 3B are used during detailed

design; 3B is applied at the unit level and 3A at the CSCI level. Worksheets 4A and 4B

are used during code and unit testing; 4B is applied at the unit level and 4A at the

CSCI level. During the test and integration phases, selected metric questions are

reapplied as indicated in the quality attribute correlation table in Appendix A. The

primary purpose is to deterinine that answers to selected questions have not changed

as a result of implementation or testing. Answers to these questions can be monitored

individually and compared to answers from prior phases or can be used with applicable

answers from prior phases to calculate new factor scores.

Each worksheet contains questions regarding all quality attributes applicable to the
phase during which the worksheet is applied. Worksheets should be tailored for the

specific quality attributes of interest. It would be unusual to have quality require-

ments for all 13 factors specified for any one system-level function. A subset of

quality aspects is normally specified for each function and therefore for the software

supporting hat function. Worksheets should be tailored to reflect only quality

attributes of interest by deleting unneeded questions. The system-level specification

should contain a list of applicable criteria and sLtuld identify metrics that will be used

by the government for evaluating achieved quality levels. This information can be

used as a basis for deleting unneeded questions on worksheets. The quality attribute

correlation table in Appendix A identifies the criteria, metrics, and metric elements

applicable to each phase and indicates which metric elements have corresponding

questions for each worksheet.
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System-leveL One worksheet is required for each applicable system-level function.
Each worksheet should be tailored for the specific quality attributes of interest for

that function.

CSCI level One worksheet is required for each CSCI identified in Section 4.1. Each

worksheet should be tailored for the specific quality attributes of interest for that

CSCI. If a CSCI has been allocated quality requirements from more than one

system-level function, attributes of interest should correspond to quality requirements

for all applicable functions. The table developed in Section 4.1 identifies each

function from which quality requirements have been allocated to a CSCI.

z Unit leveL One worksheet is required for each applicable unit identified in Section

4.1. Each worksheet should be tailored for the specific quality attributes of interest

for that unit. If the parent CSCI has been allocated quality requirements from only

--. one system-level function, the quality attributes of interest are the same for the unit

as for the parent CSCI. If the parent CSCI has been allocated quality requirements

*. from more than one system-level function, the unit may have been assigned quality

requirements from any one or more functions. Lists of applicable units, by CSCI, were

developed for each function in Section 4.1. Attributes of interest for each unit should

* . correspond to quality requirements for all applicable functions. Each unit should have

only one worksheet.

4.2.2 Gather Source Material (Step 2)

Source material should be gathered for answering questions on metric worksheets.

Table 3.4-2 lists the minimum product set by software development phase that is

required for answering worksheet questions. Each product is identified by title and by

DID number. Information from the entire set of products for a particular phase is

needed to answer questions on the worksheets applicable to that phase. It is not

necessary to have the specific product set listed, only to have equivalent information

available for answering questions. For example, the QA plan and software standards

,. 0 may be included as part of the software development plan for smaller projects.
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4.2.3 Answer Worksheet Questions (Step 3)

Metric worksheets are divided into two sections-A and B. Section A is for general

information descr'ibing the specifics of an application of the worksheet and should

remain with the rest of the worksheet for identification. Section B contains metric

questions. Questions are organized alphabetically and numerically by metric element

acronym, as indicated in the quality attribute correlation table in Appendix A.

Terminology used in the worksheets generally is consistent with terminology in

proposed DOD-STD-SDS (e.g., CSCI, unit). The term "software" is used in a general

sense throughout the worksheets and refers both to the end product (code, data) and to

the product in its most recent stage of evolutionary development; i.e., to the software

as represented by the r--oduct set for a development phase.

Worksheet questions should be answered by personnel familiar with the project

software, software documentation scheme, QM technology, and general concepts -.nd

terminology used in DOD-STD-SDS. Questions should be answered objectively.

Examples and explanatory information are included with many questions, and a

glossary is proviied at the end of each worksheet. Some questions may require
subjective judgement. To minimize variations in answers, review parent criterion and

factor definitions for .ach metric (see Sec. 3.0), and review all questions applicable to

one metric prior to answering the first question.

Identifying source material for answering any one question should be simple for

personnel familiar with the project documentation scheme. For example, for questions

regarding the system or soitware itself, refer to specifications or design documents;

and 'or questions -eg-rding standdrdization, refer to documents describing software

standards. it source material is not available for answering questions, questions should

be answered in the negative as this is a def; ziency. Answers and scoring should simply

reflect the degree of system and software characteristics.

Many worksheet questions use the terms "all" or "free from". These terms are

inttnded as totally inclusive and totally exlusive, respectively. Any one instance c f

variation requires that the question be answered in the negative to bring attention '. z

variation. Variations are potential problems, and part of the intent of QM technol(gy

is to detect problems early n the development cycle when corrections are less y
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Some worksheet questions may be redundant among worksheets for some projects. For

example, if two CSCIs have been allocated requirements from the same parent

specification, some requirements may be the same (e.g., interface protocol, data

format); and if one development contractor or subcontractor is developing all CSCIs in

the same language, the same development standards may be used. Regardless of

circumstances, all applicable questions on each worksheet should be answered because
S.. each worksheet is used separately when scores are calculated.

Results of applying worksheets should be reproducible; that is, if the same worksheet

is applied by a second person, answers should be the same. In case. where judgement

is exercised in answering worksheet questions, rationale should be noted. In cases

where violations occur, the software element in violation should be noted. These and

* other applicable comments should be compiled with the completed worksheet and

submitted by memo in a format suitable for inclusion in the Software Quality

ivaluation Ref .rt (see App. C).

Normally, a worksheet will be applied at least twice-once to the draft version and

once to the final version. Data collection personnel may find it efficient to also

record additional information such as paragraphs referenced for answering questions.

4.3 SCORE FACTORS

This is the third of three procedures for scoring qua'ity aspects (see Fig. 4.0-5). The

- purpose of this procedure is to calculate scores for each software quality factot using

factor scoresheets and information from completed metric worksheets. There are 13

factor scresheets-one for each software quality factor-contained in Appendix B.

Worksheet information is transferred to scoresheets at the metric element level.

Scores are then calculated for the parent metrics, criteria, and factor according to the

hierarchical relationship indicated on the scoresheet.

This procedure consists of two steps:

a. Prepare scoresheets (step 1).

b. Calculate factor scores (step 2).
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4.3.1 Prepare Scoresheets (Step 1)

Factor scoresheet preparation is required prior to calculating scores. The appropriate

factor scoresheets should be selected from Appendix B. One scoresheet should be

selected for each quality factor of interest. At the systeri level, one scoresheet is

required for each factor of each system-level function. At the CSCI level, one

scoresheet is required for each factor applicable to each CSCI. CSCIs and parent

functions are identified in the table developed in Section 4.1. Quality factors of

interest should correspond to quality factor requirements allocated from system-level

functions. If a CSCI has been allocated quality requirements from more than one

function, factors of interest should correspond to quality requirements for all

applicable functions.

Factor scoresheets should be tailored to reflect only qua'ity attributes (criteria,

metrics, and metric elements) of interest b- deleting unnecessary attributes. The

system-level specification should contain a list of applicable criteria and should

identify metrics that will be used by the government for evaluating achieved quality

levels. This information can be used as a basis for deleting unnecessary attributes on

scoresheets. This process is similar to that performed in tailoring metric worksheets

in that source information is the same. The primary differences are:

a. For each CSCI there is only one worksheet but up to 13 scoresheets.

b. Quality attributes appear only once on a given worksheet; attributes may appear on

more than one scoresheet because of criterion/factor relationships (see Tbl. 3.2-1).

The same factor scoresheet templates are used fr each development phase. Each

scoresheet needs further tailering to make it compatible with the current development

phase. The quality attribute correlation table in Appendix A identifies the criteria,

metric;, and metric elements applicable to each phase. Nonapplicable attributes

should be deleted from each scoresheet.

The end result of scoresheet tailoring should be scoresheets that are compatible with

worksheets for the current development phase. For each scoresheet metric element,

there should be an answer to the corresponding metric element question on the

corresponding worksheet. And for each worksheet answer, there should be a

corresponding scoresheet metric element on each applicable scoresheet.
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Each criterion is assigned a weighting value when calculating factor scores. Separate

weighting formulas are used for each factor. If a criterion is an attribute of more

than one factor, a different weighting vdlue may be assigned for each parent factor.

The system-level specification should list factor weighting formulas required for

scoring. Weighting values should be entered on each factor scoresheet for easy

referencing when performing calculations.

4.3.2 Calculate Factor Scores (Step 2)

Scoresheets contain blanks for entering the fdctor score and scores for each attribute:

criteria, metrics, and metric elements. Scoring starts at the metric element level.

Answers to each worksheet question are translated into a metric element score, andthe score is entered in the corresponding metric element blank on the scoresheet.

"Yes" answers are scored 1. "No" answers are scored zero. Numeric answers are

transferred directly scoresheets (range from zero to one).

After all metric element scores have been entered, metric scores are calculated.

Metric scores are the average of all applicable metric element scores. Criteria scores

are calculated next and are the average of all applicable metric scores. One factor

score is calculated for each scoresheet using the factor weighting formula. Criteria

weighting values should sum to 1.0.

Completed scoresheets and pertinent comments should be submitted for inclusion in
the Software Quality Evaluation Report with the worksheet used as source material.

4.4 ANALYZE SCORING

This is the first of two proceducs )r interpreting quality scores (see Fig. 4.0-6). In

this procedure, scoring resu¢ , av used to determine variations from specified

requirements and causes of va L:aions. Scoresheets and worksheets from previous

procedures are used as source material. Results are documented in the Software
Quality Evaluaion Report.
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This procedure consists of four steps:

a. Calculate functional scores (step 1).

b. Compute scoring trends (step 2).

c. Compare scores with requirements (step 3).

d. Analyze variations (step 4).

4.4.l Calculate Functional Scores (Step 1)

Step I of this procedure is to calculate scores fol each quality factor for which

requirements have been specified at the system n.%tl. A separate factor score is

calculated for each factor of each applicable system-level function. Scoresheet

results are used as source information.

If the current phase is system/software requirements analysis, factor scores on

scoresheets correspond to factor scores for each system-level function, and no further

action is required.

If the current phase is other than systern/softv',re requirements analysis, factor scores

on scoresheets are for a CSCI and may not correspond t ) factor scores for functions.

The evaluation formulas developed in Section 4.1 show the relationship between each

system-level function and each applicable CSCI. Use the evaluation formula and

scoresheet factor scores and calculate functional factor scores for each system-level

function. The same formula is used for all factors of one function.

4.4.2 Compute Scoring Trends (Step 2)

Step 2 of this procedure is to compute factor scoring trends over development phases.

S scoring results from previous evaluations and fio'm this evaluation should be used as

data points to show the scoring trend for each factor. At a minimum, functional

factor scores should t-1 plotted. Plots of other scoring trends may prove useful in

analyzing scoring (e.g., CSCI factor scores).
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4.4.3 Compare Scores with Requirements (Step 3)

Step 3 of this procedure is to compare scores computed in step I to specified

requirements. The purpose of this step is to determine if scores satisfy specified

requirements. Scores range from zero to one. Requirements are normally specified as
a quantitative range (e.g., from 0.80 to 0.89). Graphs can be used to pictorially

compare goals with scores. At a minimum, comparisons should group all factors for a

single system-level function. Other groupings and comparisons may prove useful in
analyzing scoring (e.g., grouping the same factor for all applicable system-level

functions and comparing goals and scores at the CSCI level).

4.4.4 Analyze Variations (Step 4)

Step 4 of this procedure is to identify each factor for which scoring goals are not

satisfied and to explore the cause. This step deals only with specific causes for -

scoring deficiencies. Remedies for correcting scoring deficiencies are explored in the

next section.

All scoring deficiencies for each system-level function should be identified. The
process of analysis to determine causes should start at the syste.; level krid proceed to

lower levels (CSCI and unit) incrementally. Analysis at each k v'.: should pr", Ae clues
as to which areas to explore at the next-lower level to dter ,mne causes of scoring

deficiencies. Analysis should include investigating scoring patterns beCtise these are

especially revealing.

For example, analysis of scoring at the system level coula reveal that a factor score is

consistently low for all functions. If sn; analysis at the CSCI level would likely show
the same pattern for the same factor. Investigation of attribute scoring should show

which attributes are low-scoring, and a review of low scoring metrics should show the

nature of the basic problem.

Another possibility is that analysis of system-level scores reveals that scoring is
consistently low for one function. Further investigation should focus on scoring for

CSCIs suppOcwting that function. CSCI-leve' investigation should show which attributes

ar! low scoring. If only specific attributes ac- :' scoring, a review of low scoring
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metrics should show the nature of the problem. If attributes are low scoring in

general, the cause could be a low quality product or that methods used by data

collection personnel are resulting in low scores. Appropriate products and completed S

worksheets should be reviewed.

If worksheets 3A or 4A were used for CSCI-level scoring, low scoring can be traced

through worksheet answers to the unit level (worksheets 3B and 4B) to determine the

cause of scoring patterns.

Results of this analysis should be submitted for inclusion in the Software Quality

Evaluation Report. Causes should be listed separately for each scoring deficiency. -

The following are example causes:

a. The software design does not provide this characteristic.

b. This characteristic is only required for portions of the design.

c. Development standards do not refer to this characteristic.

d. Development practices vary among design teams; no standard has been established

in this area (or, the standard is interpreted differently).

e. Information for this characteristic was not documented.

f. This characteristic is provided by most but not all software elements. The

worksheet question was worded "all" and therefore answered in the negative.

Exceptions are noted here and explained on the corresponding worksheets.

g. This characteristic was not provided for this software element because to do so to

would be in conflict with derived (or other) requirements.

h. Scores for this characteristic varied ciaisiderably because personnel answering

worksheet questions could not agree on its interpretation for this project.

i. This characteristic is not available for this project because of language/compiler

limitations.

j. This characteristic was most often scored negative but does not seem to apply to
this project (e.g., no technical requirement).

1. This ared of the design/ccde consistently scored low for the following characteris-

tics . . . but there is no violation of technical requirements.
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4.5 RECOMMEND CORRECTIVE ACTION

This is the second of two procedures for interpreting quality scores (see Fig. 4.0-6).

The purpose of this procedure is to summarize problems and provide recommendations

for correcting scoring deficiencies defined in the previous procedure (see Sec. 4.4).

Results are documented in the Software Quality Evaluation Report.

This procedure consists of two steps:

a. Summarize problems (step 1).

b. Provide recommendations (step 2).

4.5.1 Summarize Problems (Step 1)

Step I of this procedure is to provide a summary of problems. Analyses results from

the previous procedure (see Sec. 4.4) are summarized to the level of problem

*. statements arid are used in the next step as bases for recommending corrective action.

The lists of deficiencies and causes developed in the previous procedure should be

reviewed. Causes are stated in specific terms. C, ses should be categorized so that a

more general statement of the problem can be formulated. These summary state-

ments should clearly define the problem at a level where action could be taken.

Several iterations on categorization may be required before satisfactory problem

statements are developed.

The following are example problem statements:

a. There are no technical requirements to provide certain features or characteristics

measured by the metrics.

b. Development standards are not strictly enforced or are vague.

c. Design or implementation choices do not provide certain characteristics measured

by the metrics.

d. Development standards are not as comprehensive as metric questions.

e. There are conflicts between certain technical performance or design requirements

and the quality requirements.

f. The documentation scheme does not provide information required to answer certain

metric questions.

4 -22

...................................



g. Requirements, design, or code are deficient in certain areas.

h. Certain metric scores indicate that requirements have not been allocated appropri-

ately.

i. Certain scores are low because of necessary design or implementation exceptions.

4.5.2 Provide Recommendations (Step 2)

The purpose of this step is to provide recommendations for correcting scoring

deficiencies. Summary problem statements from step I are used as source materiai.

Results are documented in the Software Quality Evaluation Report.

Specific recommendations for corrective action should be provided whenever possible

and should include rationale. Otherwise, provide summaries of action alternatives

with potential results and consequences. Recommendations and action alternatives

should focus on technical solutions to problem statements and should not consider

administrative issues (e.g., action responsibility, schedule, and budget).

A broad range of actions is possible. Action recommendations and alternatives should

reflect realistic solutions for all problem statements ano should consider system goals

and requirements and design and implementation limitations and constraints.

The following are example actions:

a. Change certain quality requirements (e.g., add, modify, or delete quality attributes

or change goal levels).

b. Change certain quality attribute measurements or scoring (e.g., monitor selected

attribute scores but do not use in scoring).

c. Change certain technical performance or design requirements.

d. Change allocation of certain requirements (technical or quality).

e. Change certain aspects of the documentation scheme.

f. Change certain aspects of standards or enforce standards.

g. Correct certain requirement, design, or implementation deficiencies.
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4.6 AUTOMATION

Portions of the evaluation process can be automated for the sake of efficiency.

Worksheet information and answers could be stored in a data base, and reasonableness

checks could be performed on answer entries. Factor scoring, comparisons with

requirements, and tred analyses could be performed automatically. Scoring pattern

recognition could be computer-aided. And report generation could be automated. It is

-D also possible to automatically scan source information (e.g., code and PDL) to obtain

answers for some metric questions.

0
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APPENDIX A

METRIC WORKSHEETS

Appendix A contains metric worksheets used to collect metric data during develop-

ment phases. Seven different worksheets are applied to development products in

different phases and at different levels of abstraction.

a. Metric Worksheet 0, system level, system/software requirements analysis.

b. Metric Worksheet 0, CSCI level, software requirements analysis.

c. Metric Worksheet 2, CSCI level, preliminary design.

d. Metric Worksheet 3A, CSCI level, detailed design.

e. Metric Worksheet 3B, unit level, detailed design.

f. Metric Worksheet 4A, CSCI level, code and unit testing.

g. Metric Worksheet 4B, unit level, code and unit testing.

Selected metric questions are reapplied during subsequent phases as indicated ia the

quality attribute correlation table on the next few pages.

Worksheets are divided into two Sections-A and B. Section A is for generl

information identifying a specific application of the worksheet. Section B contains

metric elements in question format. Th applicable metric element is identified by

acronym at the beginning of each worksheet question. Each worksheet contains

questions for all metric elements applicable to the phase during which it is applied.

Questions on each worksheet are organized alphabetically and numerically by metric

element acronym. The quality attribute correlation table on the next several pages

identifies each metric element and parent mctric and critcrion and summarizes the

metric element content of each worksheet.

Terminology used in the worksheets generally is consistent with proposed DOD-STD-
SDS (e.g., CSCI, unit). The term "software" is used in a broad sense and refers both to

the end product (code, data) and to the product in its most recent stage of

evolutionary development. For example, on Metric Worksheet 1, software refers to

descriptions of the software in the software requirements specification and other

documents that are products of the requirements analysis phase. A glossary is

provided at the end of each Section B.

A-1
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METRIC WORKSHEETIOUALITY ATTRIBUTE CORRELATION

Life-cycle phaee/activity Darioistratlon Fl cl aeonn

* * Quality factor attributes

Sytm otivCoding CSC CSCI. System
Crtfs Mtii Metric Software Req'mrs Proilinwl Deailed and Unit integration level integration

elertnti Req'mts Analysis Design Design Tasting ardTesting Testing 4Mi Testing

Accuracy Accuracy C11 0
chdialist AC.1(2) 0

AC16 00

control AM. 113) 0 1 3A.B 4A.8
AM. 1(4) 0 1 1 0

Impropef AM.2(11 0 1
input dxta AM.2(2) 3A 4A

AM.2(3) 3A 4A
AM.214) 3A 4A
AM.215) 3A 4A
AM.2(6I 3A 4A 4A
AM.2(71 3A.B 4A.8

Comsputational AM,3(1I 0 1 2
failures AM.312) 1 3A 4A

AM23) 1 3A 4A
AM.314) I 3A 4A 4A

Hardware faults AM.4(1) 0 1 2 2

*Dlvice effort AM.Sl1) 0 1 2 2

Communication AM.611) 0 1 2 2 2
errors AM.812) 2 2 2AM.6(3) 2 2 2

AM.6(4) 2 2 2
-. I 

J

Nodal AM.7(1) 0 1 2 2
communication AM.712) 0 I 2 2
failures AM.713) 0 1 2 2

Application Databas management AP.1(1) 0 1 2 3AB 4A.B
Independence implementation

indetpendence

Data structure AP.2111 3A.B 4A.8
AP.212) 0 1 3A,a 4A,B
AP.213) 3,A.B 4A.0

______AP.2(4) 0 1 3A.8 4A,B

Archiitecture AP.31 1) 0 1 3A,8 4A.8
standardization AP.312) 4A.B

*.Microcode AA1 A0 4,
independence AP41 0 13Aa A,
Functional AP.5(1) 0 1 2
independwrnce AP.5(2) 2 2

_______ _______ AP.513) 2 2

~Aumenablit Dats storage AT.11 3A.8 4A,3
expansion AT~i~ 2 3A 4A 4A 4AI

extnsilit AT(2) 3A.B 4AB
AT.2(3) 0 1 2 3A 4A 4A 4A

CanlAT.23) 0 1 2 3A 4A 4A 4A

extensibility AT.3(2) 0 1 2 3A 4A 4A 4A

extensibility AT.4(2) 0
AT.4(3) 0 1

Auooy Interface AU.1l11 0 1 2
complexity A'J 1(2) 3A 4A

AU.1 (31 3A 4A
AU1 (41 02 3% 4A 4A 4

Self-sufficiency AU.211 0 1 2
AU.2(21 2 2
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METRIC WORKSHEET/QUALITY ATTRIBUTE CORRELATION (CONTINUED)

Lifw-cyde phasa/activity Demonstration Full Scale Development
Quality factor atand Validation
OuAlty .ato atttbu-es

System/ Software Preliminary Detailed Coding CSC CSCI. System
metrics Metric Software Req'mt Design Design and Unit Integration level Integration

tMrc elements Reqm Analysis Testing and Testing Testing and Testlr-sAnalysis

Commonality Communications CLII) 0 1
commnonality CLI(2) 0 1 2

CLI(3) 0 1 2 2
CLI(4) 0 I 2 2
":..t5S 0 1 2 2
CLI(T) 0 1 2 2
CLII?) 0 1 2 3A 4A 2 1 0
CLI(S) 0 1 2 3A 4A 2 1 0
CLI(9) 0 1 1 0
CL10I 0 1 1 0
CLI111I 0 1 2 2 1 0
CL1(12) 0 1 1 0
CLJ(13) 0 1 2 1 0
CL1(14) 0 1 2 1 0

Data
commonality CL2(1) 0 1 2 3A 4A 2

CL2(2) 0 1 2 3A 4A 2 1 0
CL2(3) 0 1
CL2(4) 0 1 2 1 0
CL2(5) 0 1
CL2(8) 0 1 2 1 0
CL2(7} 0 1 1 0
CL218) 0 1 1 0

Common vocablary CL3(11 1

Completeness Completmee CP.1(1) 0 1 2 3AB
checklist CP.1(2) 0 1 2 3A.8 4A.B

CP.1(3) 0 1 2 3A 4A
CP.1(4) 2 3A.8 4A.B
CP. 1 (S) 0 1
CP.1(6) 0 1 2
CP.1(7) 0 1
CP.1(8) 0 1
CP.1 (9) 2 3A.B 4A,B
CP.1(10) 3A.B 4A.E
CP.1(11) 0 1 2 3A 4A 2 1 0

Consistency Procdure CS. 1 (1) 0 1 2 3A.8
constency CS.1(2) 0 1 3A.B 4A.B

CS.1(3) 0 1 3A,B 4AB
CS.1(4) 0 1 3A.B 4A.B
CS.1(5) G 1 2 3A,B 4A.B

Data CS.2(1) 0 1 2 3AB 4A.B
consistency CS.2(2) 0 1 2 3A,B 4A,B

CS.2(3) 0 1 2 3AB 4AB
CS.2(4) 0 1 2
CS.215) 0 1 2
CS.2(6) 0 1 2 3A.8 4A,B

OistrDbutedns iwiion sncture 01.1l11 0 1 1 2 3A
D1.1(2) 0 1 I 2
D1.1(3) 0 1
D1.1(4) 0 1 2 2 2 2
01.1(5) 0 2 2 2 2
01.1(6) 0 1 2 7 2 2
D1.1(7) 0 1 2 2 2 2
01.1(8) 0 1
D1.1(9) 0 1 2 2 2 2

Document Acces to D0.1(1) 0 1 2 3A 4A 2 1 0
Accfssibility documentation

Woll-structured 00.2(1) 0 1 2 3A 4A 2 1 0
documentation 00.2(2) 0 1 2 3A

D0.2(7) 0 1 2 3A 4A 2 1 0
D0.2(4) 0 1 2 3A 4A 4A 4A 4A
00.2(5) 0 1 2
DO.2(6) 0 1
DO.2(7) 2 3A00.2(8) 4A 4A 4A 4A
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r/ METRIC WORKSHEET/QUALITY ATTRIBUTE CORRELATION (CONTINUED)

Life Ycle pfMhasectivit Oemotstration Full Scale Development
and Validation

Quality factor atttrbutes

- j"System/ Softw pro Coding CSC CSCI SystemC_ _ MCriteria Metrics SoftwMre R Plllliy Oetailed and Unit Integration level Integration
faCitei C Muicio elements Req'mU Analysis Design Design Testing and TestIng Testing and TestingAnalysis

"E ffectivtr.*u- Communicaton ECt(tl 0 1

Communicaltion effectlvenes meee

Effleltvenwss- Procming EP.1(1) 0 1
Proceslng ffectiveness EP.l(2) 3A.8 4A.8

measure Z.1(3) 0 3A 4A.8
EP.1(4) 3A.0 4A.8
EP.(5) 0 1 2 3A 4A 4A 4A 4A
EP.1(6) 3A.B 4A.8

Data usage jEP.2(11 0 1
effectaiens EP.2(2) 0 1 2 3A

- " meswe EP.213) 0 I 2
EP.2(4) 3A.8 4A.8
EP.2(5) 3A.B 4A.
EP.2(6) 2 3A
EP.2(7) 3A.B 4A,8

Effe-tiveness- Storage ES3.t(1) 0 1
* . Storage effecuvens ES.(2) 0 2

Funtina• nmeasrel ES.1(3) 3A 4A
- vES.1(4) 3A 4A

nctES.1(5) 0 1 2
"S.1(6) 3A,B 4A.8

:S.1(7 0 1 4A
ES.1(8) 0 1 2 3A. 4A

Functional Functior1 FO.2(1) 0 1

comonliylF.221 0 12

Overla 0 I&P F0.1(2) 0 1

chmcklisi FO.1(3) 0 I 2
F0.1(4) 0 1

i."Functional Function FS.t{1) 3A.11 4A,9
S.- scope specificity FSI (2) 4AB

S.Function FS.2(1) 0 1

- ,_ commonalit FS.2(2) 0 1 2

FS.2131 0 1 2".""FS.2(4) 0 1 2
. FS.2(5) 0 1 2

FS.2(6) 0 1

Function FS.3(1) 0 1 2 2
Selective FS.3(2) 0 1 2 2
usability FS.3(3) 0 1

Gener "ly Unit referencing GE.1(1) 3A 4A
0 Unit GE.2() 3A 4A

implementation GE.2(2) 3A.B 4A,B
GE.213) 3A.8 4A.B

-- _ __-_ GE.2(4) 3A.8 4A,8

Ind-penJdenca Software i.1(1) iA, 4A.B
-vndvpdenca ID0.1(2) 0
from system ID. 1(3) 0 3A,B 4AB

Machine 1D.2(1) 0 1 2
* independence ID.2(2) 3A 4A

ID.2(3) 3A 4A
. ID.2(4) 3A 4A

Modularity Modular MO.1(1) 0 I
implementation MO.112) 0 1 2 3A 4A

MO.1(3) 3A,B 4A.B
MO.1 (41 3A,9 4A,8
MO.1(5) 3A,8 4A.B
MO. (7 3A,8 4A,B
MO.1(6) 3AB 4A.B
M0.1(8 3A,B 4A,B
MO.1(9) 2 3A.B ,A,B

Mooular MO.2(1 ) 0 1
design MO.2(2) 1 2 3A 4A

- •MO,2(3) 1 3A 4A
*.,I MO.2(4) 0 1J MO.2(5) 1 2 3A,B 4A.8
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METRIC WORKSHEET/QUALITY ATTRIBUTE CORRELATION (CONTINUED)

Life-cycle PlralseciVity Demonstrttion Full Scale Development~and Vslidstior.
Ouiisy fscto atttributas 'I

System/ Software Codip CSC CSCI. System
Metric Softwus Req'mt Preliminary Detailed and Unit Int.Uftioil level Integtion
elements Req'mta Analysis Design Design Testing and Testing Testing and Testing

Analysis

Opsv~lIwr Opelabidity 0P.141) 0 1 2 2 2
checklist 0P.1(2) 0 1 2 3A 4A 4A 4A

OP.11) 0 I 2 3A 4A 2 2
OP.1(4) 0 1 2 2 2
OP.1(5) 0 1 0
OP.I1 (6 0 1
OP. 10) 2 2 2
op. 1(8) 0 1

OP. 1 (9) 2 2 2
OP.c10i 0 1 2 3A 4A 2 2
0P.3(1) 0 1 2 2 2
OP.1412 0 I 2 2 2
OP 1113) 0 1 2 2 2
OP.1(14) 0 1 2 2 2
OP.31715 0 I 2 2 2
OP.i161 0 1 2 2 2

User input OP.20i1 0 1 0
communicaivesi 0P.2(2) I I I

OP 203) 1 1 1

tP.2(4) 0 1 2 2 2
aP.2(5) 0 I 2 2

P.26) 0 I 2 2 2

Ussr output 0P.3{I1) 0 1 2 2 2
commruni cativenes OP 3112) 0 I 2 2 2

P.33) 0 1 2 2 2
0P.3(4) I I I
0P.3(5) I I I
0P.316l 0 1 2 2 2
0P.3117) 0 I 2 2 2
0P.3|8) 0 1 2 2 2

Reonfi. , t- Restructure RE.I(I) 0 I 2 2 2
ability chectklist RE.2) 0 1 2 2 2

RE.l(3) 0 1 2 2 2
RE. 4) 0 1 2 2 2

self. ( uantity of comments SO.I(I) 4A.8

Fff~ctivener, $D.2(1) 0 1 4A.8
of commonts SO.2(2) 0 1 4A.0

SO.213) 4AB
SD.2(4) 4A,8
SD.2(5) 4/,8
SO.2(6) 4AB
SD.2:7) 4AB
SD.2(8) 4A.8

Oescriptlvenesa SO 3(1) 4A,8
of language SD.3(2) 4A.B

SD.3(3) 4A,8
SD.3(4) 4A.8
SD.3(5) 0 1 3A.B 4AB
SO.3i6) 4A.B

Simplicity Deigr, structure SII(I) 0 1 2 3A
SI.1i(2) 3A.B 4A,B
SI.I(3) 3AB 4A.8
SI.1I(4) 3AB 4A.B
SI.1(5) 3.8 4A,8
SI.lI() 2 3A 4A
SI1(7l 2 3A 4A
SI.18) 0 1
SLI9) 0 1 2
SI.1(10) 2 3A 4A

Structured language SI.2(11 0 1 2 4A
or preprocessor

Date and consrol SI.3I) 3A.8 4A8
flow complexity

Coding S1.4(1) 3A,B 4A,B
simplicity SI.4(2) 3A,B 4A,B

S.43) 3AB 4A,8
SI.4(4) 3A.B 4A.8
S.4(5 3A,8 4A.a
SI.4(6) 4A,8
SI.4(7) 4A.B
SI.4(8) 4A,8
SI.4i9) 4AB
SI 4(101 4A,B
S1411I) 4AoB
S1.4i12) 4A.8
SI.413) 0 1 2 4A,B
S.4i14i 3A 4A

Specificity SI.5i11 3AB 4A.B
SI.5(2) 3A.B 4A,B
S1.53) 3A.B 4AB

Hlstead's level of SI (10 3AB 4A.B
difficulty measure - -
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A METRIC WORKSHEET/QUALITY ATTRIBUTE CORRELATION (CONTINUED)

Lif--cycle phaselactivity Demonstration Full Scale evelopment
y ps . and Validation

Qulit) factor atttributn
or - -...

System/ Softwarl Coding CSC CSCI. System
Criteria Metric Metric Software Req'mts Preliminary Oetailed and Unit Integration level Intogrationelements Req'mt' Analysis D^sign Detign Testing and Testing Testing and Testn3

Analysis

System Acess control SS.l(1) 0 1 2 2 2
Acersibility SS.12) 0 1 2 2 2

SS.1(3) 0 1 2 2 2
SS.1(4) 0 1 2 2 2

Access audit SS.2(1 ) 0 122 2

System Int 'aos ST.t1) 3A.0 4AoB

Clarity complexity ST.1(2) 3A,8 4AB
ST. (3)3AB 4A.8

:- ST.1 3A., 4A.B
ST.I(51 3A,B 4AB
ST.I(6) 3A 4A

cogmlow ST.2(1) 3AB 4A:Boramfl ST.2(2I 
3AB 4A.8S T 2 1 3 ) 3 A . 8 4 A ,8

ST.2(4) 3A.8 4A,B
ST.2(5) 4A.B

Apphctin ST.3(1  0 1
functinal ST.312 0 1 2 3A
complexit ST 3(3) 3A,B 4A.B

ST.31(4) 3A 4A
ST.3(5) 2
ST.316) 2

* Communication ST.4(1) 3A,B 4A.8
-- complexity ST.4(2) 3A.B 4A,B

ST.4(3) 5A 4A
ST.4(4) 3A,8 4AB
ST.4(5) 3A.B 4A,B

Structure ST.5(1ll 3A.B 4A,B
clarity ST.512) 3A.B 4A.B

ST.5(3) 3A.B 4A,B
ST.5(4) 3A,B 4A,B

System Communicjtion SY .1(1) 0 1 2 2 2
" . compatibility compatibility SY.1(2) 0 1 2 2 2
" SY.'(3) 0 1 2 2 2

SY.1(4) 0 1 2 2 2

Data compatibility SY.2(1) 0 1 2 2' 2
SY.2121 0 1 2 2 2
SY.2(3) 0 I 2 2 2

Hardware SY.31) 0 1compatibility SY.312) 0 1 1 0

SY.3(3) 0 1
SY.3(4) 0 1 1 0
SY.3(51 0 1
SY.3(6) 0 1 1 0

Software SY.4(1) 0 1 2 2 2
compatibility SY.4(2) 0 1 2 2 2

SY4131 0 1 2 2 2

Do.imentation for SY.5(1) 0 1
: \ other system

Traceability Cross reference TC.1(1) 1 2 3A

%_ __ TC.12 3A
Training Training TN.1() 0 1 3A 3A 3A

ceckiist TN.1(2) 0 1 3A 3A 3A
TN.1(3) 0 1 3A 3A 3A

" TN.1(4) 0 1 3A 3A 3A

Virtuality System data VR.1(1) 0 1 2
inmdePendence

* Visibility Unit testing VS. () 3A.B 4A.BVS.,(2i 3A.B 4A.0

Integration testing VS.2(1) 3A 3A

CSCI tosting VS.31) 3A 3A
VS.3(2) 3A 3A
VS.33() 3A 3A

A-6
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METRIC WORKSHEET 3 SYSTEM LEVEL

WORKSH EFT PREPARATION INSTRUCTIONS

SECTION A - GENERAL INFORMATION

1. Enter the name and contract number of the project.

2. Enter the date the worksheet is prepared (month, day, year).

3. Enter the name of the person responsible for completing the worksheet.

4. Enter the name of the entity to which the worksheet is applied.

5. Enter the number and name of all documentation which is used as source

material for answering the metric questions in Section B.

6. Enter comments reflecting the inspector's observations on product quality and

any additional information regarding specific metric questions. Attach

additional sheets, as necessary.

SECTION B - METRIC QUESTIONS

Answer all applicable metric questions by circling the appropriate answer (Y = yes,

N = no, N/A = not applicable) or by entering the appropriate value. A glossary of

terms is provided at the end of this section.

0-1
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METRIC WVORKSHEET 0 SYSTEM LEVEL

SECTION A - GENERAL INFORMATION

1. PROJECT __________________

2. DATE _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

.3. INSPECTOR___________________

4. PRODUCT _________________

5. SOURCE DOCUMENTATION:

INSPECTOR COMMENTS:

0-2
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METRIC WORKSHEET 0 SYSTEM LEVEL

* - SECTION B - METRIC QUESTIONS

AC.l(I) Have accuracy requirements been established for all applicable missions/

operations? JNA

AC. 1(2) Have d1l accuracy requirements been budgeted to individual functions?

AC.l(3) Are there quantitative accuracy requirements for all applicable inputs

associated with each applicable function (e.g., mission.ritical function)? YNNA

AC.(t) Are there quantitative accuracy requirements for all applicable outputs

associated with each applicable function (e.g., mission-critical function)?

AC.1(5) Are there quantitative accuracy requirements for all applicable constants

associated with each applicable function (e.g., mission-critical function)? IJN NAI

AC.1(6) Do the existing math library routines which are planned for use provide enough

precision to support accuracy objectives? INTN/A

AM.l(l) a. How many instances are there of different processes (or functions, sub-

functions) which are required to be executed at the same time (i.e.,

concurrent processing)? F-'TNI/A

b. How many instances of concurrent processing are required to be
centrally controlled? "IN//I

C. Calculate b/a and enter score. J J N/Al

AM.I(2) a. How many error conditions are required to be recognized

(identified)? "-N/

b. How many recognized error conditions require recovery or

repair? I IN/Al

c. Calculate b/a and enter score. NI

0-3
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METRIC WORKSHEET 0 SYSTEM LEVEL

AM.l(3) Is there a standard for handling recognized erro:. such that all error condtions

are passed to the calling function or software element? Y A

AM.l(4) a. How many instances of the same process (or function, subfunction)

being required to execute more than once for comparison purposes

(e.g., polling of parallel or redundant processing results)?

b. How many instances of parallel/redundant processing are re-

" quired to be centrally controlled? I--TNT7q

c. Calculate b/a and enter score. F - NE

AM.2(l) Are error tolerances specified for all applicable external input data (e.g.,

range of numerical values, legal combinations of alphanumerical values)? IYI N I N/A7

AM.3() Are there requirements for dctcction of and/or recovery from all

computational failures? 57 N N R

AM.() Are there requirements to recover from all detected hardware faults (e.g.,

arithmetic faults, power failure, clock interrupt)? [Y NN

AM.5(l) Are there requirements to recover from all I/O device errcrs?

AM.6(1) Are there requirements to recover from all communication transmission

errors? YN T

AM.7(l) Are there requirements to recover from all failures to communicate with other

nodes or otner systems?

AM.7(2) Are there requirements to periodically check all adjacent nodes or

interoperating systems for operational status? Y N N/

. AM.7(3) Are there requirements to provide a strategy for alternate routing of messages? YNN

0-4
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METRIC WORKSHEET, 0 SYSTEM LEVEL

AP.I(I) Is there a requirement to limit specific references to the data base

management scheme (e.g., all data calls for data base information processed

through an executive)?

AP.2(2) Is there a standard for commenting all global data within a software unit

to show where data is derived, the data's composition, and how the data is

used? N NA

AP.2(4) Is there a standard for commenting all parameter input/output and local

variables within a software unit which includes requirements identifying

the data's composition and use? NNA

AP.3() Is there a requirement to localize specific references to computer
architecture (e.g., specific device references localized to the executve

rather than the application software)? N NA

AP.A(l) Is there a requirement to avoid or to limit the use of microcode instruction

statements?

AP.5() Is there a requirement to develop functional processing algorithms such that

they are not unique to this system's application (e.g., can be used in a

similar application with, at most, minimum tailoring)?

AT.1(2) Are there requirements for spare memory storage capacity?_

AT.l(2) Are there requirements for spare auxiliary storage capacity? N NA

AT.2(3) Are there requirements for spare processing capacity (time)? W N7.

AT.3(l) Are there requirements for spare 10 channel capacity (time)? Y N N/A

AT.3(2) Are there requirements for spare communication channel capacity (time)? N N/A

AT.4 () Are there requirements for interface compatibility among all the L

processors, communication links, memory devices, and peripherals? Y N N A

0-5
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METRIC WORKSHEET 0 SYSTEM LEVEL

AT.4(2) Is documentation available which describes the results of any previous engineering

studies such as tradeoff studies, feasibility studies, risk analyses, and require-

ments definitions?

AT.4(3) Is documentation available which describes new or emerging software-related dis-

ciplines which may affect the scope of the software requirements or the software

implementation techniques (e.g., voice recognition using artificial intelligence

techniques)?

AU.I(l) Are all processes and functions partitioned to be logically complete and self-

contained so as to minimize interface complexity? Y NN

* AU.2(l) Are there requirements for ech operational CPU/system to have a separate

power source?

AU.2(2) Are there requirements for the executive software to perform test-

- -ing ot its own operation and of the communication links, memory devices,

and peripheral devices? YN rN-

CL.() Are there requirements for communicatton with other systems? N N

CL.I(2) Is there a requirement for a protocol standard to control all network

communication? N I T Ni/N

CL.I(3) Is itetwork processing control part of the network protocol standard? N N

CL.l(4) Is user session control part of the network protocol standard? N N

CL.A(5) Is communication routing part of the network protocol standard? N N

CL.1(6) Is uniform message handling (e.g., synchronization, message deciding)
part of the network protocol standard? N NI

CL.A(7) a. How many functions receive inputs from other systems?

b. Calculate I/a and enter score.

0-6
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METRIC WORKSHEET 0 SYSTEM LEVEL

CL.1(8) a. How many functions transmit outputs to other systems?

b. Calculate I/a and enter score.

CL.(9) a. How many other systems must respond correctly to successfully

complete synchronization? N

b. Calculate I/a and enter score.

CL.(MO) Does the time to perform successful synchronization impose constraints upon

system computation or response time (e.g., result in user wait time of more

than several seconds)? N NA

CL.II) Is the system free from time-critical constraints with respect to external

communication (e.g., data freshness)?

CL.A(12) a. How many other systems is this system required to interface with? f IN

b. Calculate I/a and enter score.

'I 1 ' CL.A(13) Is there a general description of how the computer system appears to the users

and how the users interact with the computer system (e.g., operational concept

document)? Y N NA

CL.l(14) Is there a complete and definitive set of operating procedures for using this

system? Y N N/A!

CL.2(l) Are there requirements for a standard to establish common representations of

V data for uniform communication with other systems? Y N NA

CL.2(2) a. How many functions perform data translations? J J N,A

b. Calculate I/a and enter score.

0-7
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METRIC WORKSHEET 0 SYSTEM LEVEL

CL.20) Is there a requirement to receive all input data from other systems in common
formats (e.g., common formats for data positioning, data packing, block tra..-
mission)? -jTN,-1

CL.2(4) a. How many different formats are used for input data from other systems
(e.g., formats for data positioning, data packing, block

transmission)? LJ.t

b. Calculate 1/( +a) and enter score. I N

CL.2(5) Is there a requirement to output all data to other systems in common formats

(e.g., common formats for data positioning, data packing, block transmission)? N N A

CL.2(6) a. How many different formats are used for output data to other systems
(e.g., formats for data positioning, data packing, block
transmission)? '  7A

b. Calculate 1/(/ +a) and enter score. I-- TN/

• CL.2(7) a. How many different types of input records are received from other

systems? L_[/

b. How many types of input records received from other systems contain tags*L identifying the type of data they contain?

c. Calculate b/a and enter score.

CL.2(8) a. How many different types of output records are transmitted to other

systems? E.Zi77

b. How many types of output records transmitted to other systems contain tags
identifying the type of data they contain? F iN

c. Calculate b/a and enter score.

0-8
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CL.3() Has a common technical vocabulary with equivalert definitions been established

for use with this system and for use with all interoperating systems (e.g.,

definition and use of data item, block, record)? NNA

CP.I(I) Are all inputs, processing, and outputs clearly and precisely defined? =

CP.I(2) a. How many data references are identified?

b. How many identified data references are documented with

regard to source, meaning, and format?

C. Calculate b/a and enter score.

CP.l(3) a. How many data items are defined (i.e., documented with regard r

to source, meaning, and format? N

b. How many data items are referenced? N

C . C a l c u l a t e b / a a n d e n t e r s c o r e . I N / A

CP.I(5) Have all defined functions (i.e., documented with ,egard to souice, meaning

and format) been referenced? NNA I

CP.l(6) Have all system functions been allocated to configuration items

(i.e., CSCI's, H'VCI's)? Y N NA

CP.I(7) Have all referenced functions been defined (i.e., documented with precise inputs,

processing, and output requirements)?

CP.I(8) Are the processing flows (algorithms) and all decision points (conditions and

alternate paths) in the flows described for all functions? Y N- N- A'

CP.(1 I) a. How many software problem reports have been recorded, to

date?

C. 
r
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METRIC WORKSHEET 0 SYSTEM LEVEL

b. How many recorded software problem reports have been c:osed

(resolved), to date? N

C. Calculate b/a and enter score.

CS.1(I) Is there a requirement to standardize all design representations (e.g., repre-

sentations for control flow, data flow)? Y N A

CS.I(2) Is there a requirement to standardize the calling sequence protocol between

software units? Y FNM A

CS. 1(3) Is there a requirement to standardize the external 1/0 protocol and format for

* all software units? I-Y I N FA

CS. () Is there a requirement to standardize error handling for all software units? F TNN 1

CS.l10) )~o all references to the same function use a single, unique name? NNA

CS.2(l) Is there a requirement to standardize all data representation in the design? Y N N/A

CS.2(2) Is there a requirement to standardize the naming of all data? Y N N/A

CS.2(3) Is there a requirement to standardize the definition and use of global variables? Y N N A

CS.2(4) Are there requirements to establish consistency and concurrency of multiple

copies (e.g., copies at different nodes) of the same software or data base

version? JYN NA

. CS.2(5) Are there requirements to verify conbistency and concurrency of multiple copies

(e.g., copies at ditferent nodes) of the same software or data base version?

. CS.2(6) Do all references to the same data use a single, unique name? Y N N

D[.l(I) Is a graphic portrayal (e.g., figures, diagrams, tables) provided which identifies

all software functions and functional interfaces? Y N N/A

-I0-I
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DI.I() Is a graphic portrayal ?rovided which identifies all different types of system-

level information and the information flow within the system?

D1.1(3) Are there requirements for the organization and distribution of information

w;.th:n the system (e.g., information distributed across nodes or among storage

devices)?

DI.1(4) Are there requirements for file/library accessibility from each node?

DI. 1(5) Are there requirements for providing alternate processing sources within the

system (e.g., multiple processors, alternate node)? Y N NA

DI.l(6) Are there requirements to distribute all mission-critical functions over redun-

dant elements or nodes?

DI.(7) Are there requirements to distribute control functions across different nodes/

elements so as to ensure system operation under anomalous conditions? VN J1N5

DI.l($) Do the requirements allow for implementing functions across several physical

structures (i.e., function and physical structure are not necessarily the same)? F N TN/A;

DI.l(9) Are there requirements regarding the number of nodes that can be removed from

an operational system such that each rE-naining node still maintains its capability

to communicate with all ot.ter nodes? NN

DO.I(l) Are current versions of ad1 software documentation related to the project free

from access control (i.e., dny member of the current project or other projects

may access a copy of any document)? f-NN/AI

DO.2(l) Is all the documentation structured and written clearly and simply such that

procedures, functions, algorithms, etc. can be easily understood?

DO.2(2) Does the requirements/design documentation clearly depict control and data flow

(e.g., graphic portrayal with accompanying explanations or PDL)? JYI'L

0-11
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DO.2(3) Does all documentation contain an indexing scheme which facilitates quickly

locating and accessing various information in the document (e.g., hierarchical

structured table of contents, inserted tabs)? = N-'q

DO.2(4) Do the software specifications and design documentation have separate

volumes or separations within a single volume based on system functions

or software functions? NN

DO.2(5) Does the documentation completely characterize the operational capabilities of

the software (e.g., identify all the performance parameters and limitations)? N

DO.2(6) Does the documentation contain comprehensive descriptions of all system/software

functions including functional processing, functional al.ri:thms, and

functional interfaces?

EC.I(I) Have performance requirements and limitations for system communication

efficiency been specified for each system function? FjTjJ

EP.I(l) Have performance requirements and limitations for processing efficiency been

"- specified for each system function (e.g., flow time for process, execution
time)? YN7[q

EP.l(3) Is there a requirement to use an optimizing compiler or to code itn assembly

language to optimize processing efficiency?

EP.1(5) Is memory management of the system free from requirements for over-lays? iY1T

EP.2(1) Have performance requirements and limitations for storing data to efficiently

orocess it been specified for each system function? N N A.

EP.2(2) Are there requirements to efficiently process stored information (e.g.,

rapidly update files, buffers, etc.)? YNT N/

EP.2(3) Does the source code language(s) enable variable initialization when the

variable is declared? WIN] N/AI

0-12
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ES.1() Have performance requirements and limitations for storing data to efficiently

utilize primary and secondary storage been specified for each system function

(e.g., data packing, dynamic memory management)?

*- ES.1(2) Does the memory management of the system incorporate virtual storage? Y N N

ES.1(5) Does the memory management of the system incorporate dynamic reallocation

of physical memory space during execution (dynamic memorl management)?

ES.I(7) Is there a requirement to use an optimizing compiler or to code in assembly

language to optimize storage efficiency? FYJNIN/A

ES.l( ) Are there requirements to avoid redundant storage of files and libraries? FTJN I N/

FO.(I) a. How many functions in this system. ! IN/q

b. How many system functions are duplicated in interoperating

systems? N

C. Calculate l-(b/a) and enter score. [" N

FO.I(2) a. How many duplicated function sets exist between this system and

interoperating systems (i.e., the same function is performed in

this system and in an interoperating system)? F 7NTN

b. In how many instances of the duplicated function sets will duplicated

functions be deleted (i.e., leaving the responsibility for performing

the function with one system)?

C. Calculate l-(b/a) and enter score. C-z7

FO. 10) a. How many duplicated function sets exist between this system and inter-

operating systems (i.e., the same function is performed in this system

and in an interoperating system)'

b. How many of the duplicated function sets require synchronizatioi, of the

functions within the set? N
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C. Calculate l-(b/a) and enter score. N

FO.l() a. How many duplicated function sets exist between this system and inter-

operating systems (i.e., the same function is performed in this system and

in an interoperating system)?

b. How many of the duplicated function sets require redundancy management

techniques/logic to enable system interoperability?

c. Calculate 1-(b/a) and enter score.

FS.2(0) Are there requirements to construct functions in such a way so as to facilitate

their use in other similar system applications? N NA

FS.2(2) a. How many system functions?

b. How many system functions are constructed in such a way so as to facilitate

their use in other similar system applications?

c. Calculate l-(b/a) and enter score.

FS.2(3) Are all inputs documented as to the specific use and limitations of the data?

FS.2(4) Are all input/output formats specified and documented?

FS.2(5) Are all outputs documented as to the specific use and interpretation of

the data - NN

FS.2(6) a. How many system functions?

b. How many system functions will likely satisfy the requirements of other

similar applications F WA/I

c. Calculate l-(b/a) and enter score. N
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FS.3(I) Are there requirements to provide the user options for computation and output

(e.g., selection of type of coordinate system, output media, format)? N N

FS.3(2) Are there requirements to enable modification of the resources allocated

to functions (e.g., changing the amount of memory work space for a

function)? NNA

FS.3(3) a. How many functions are typically performed by a system for this

application?

b. How many functions does this system perform?

c. Calculate b/a and enter score. (Note that if b/a is greater than

one, enter one.)

ID.I(2) Is there a requirement to use a standard subset of the implementation

language(s)? Y LN IN/A

ID.l(3) Has a standard subset of the implementation language(s) been established

for coding? Y N NA

ID.20) Are the same version and dialect of the implementation language(s)
supported on other machines? YNNA

MO.I(I) Are there requirements to develop ail software functions and software elements

according to structured design techniques (e.g., top-down design)? Y -NN

MO.I(2) Are all software functions and CSCI's developed according to structured

design techniques? NN/A

MO.2(l) Are there requirements regarding the relationships among software entities

(i.e., types of coupling allowed among software functions, CSCI's, CSC's end

units) (e.g., requirements to minimize content, common and external coupling

among software entities)? Y N NA_
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. MO.2(4) Are there requirements regarding the relationship between the elements within

a software entity (i.e., cohesion value for software functions, CSCI's, CSC's,

and units) (e.g., all software entities are required to reflect an average

cohesion value of 0.6 or greater)?

OP.l(l) Have the operating characteristics of the system been specified (i.e., the

normal and alternate procedures and actions performed by the system?

OP.I(2) Are all the errors specified which are to be reported to the operator/

user? YNN

OP.1(3) Are the required operator/user responses specified for all reported

errors? YNN

OP.A(4) Are there requirements to provide the operator with the capability to

interrupt system operation, obtain operational status, save and enter data,
and continue processing? YNN

OP.1IN a. How many operations/responses are performed by the operator for a
typical mission/job?

b. Calculate l/(la) and enter score. I '-"

OP.I(6) Are there requirements to specify the procedures for setting up a

mission/job and completing it? Y NTN/

OP.l() Are there requirements to maintain a hard copy log of all operator

interactions with the system? Y-N

OP.1(0) Are there requirements to provide simple and consistent operator messages

and require simple and consistent operator responses (i.e., minimize the

number of operator message and response formats; use the same format types

throughout the system)? YNN

OP.(1 1) Are there requirements to report all access violations to the operator? [',NN
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OP.l(12) Are there requirements specifying the appropriate response(s) (by the

operator, the system/software, or both) for all access violations? Y N N

OP.l(13) Are there requirements to provide the operator/system the capability to obtain

specific system (or network) resource status information and to reallocate

resources? YNN

OP.l(14) Are there requirements to provide the operator/user the capability to select

different nodes for different types of processing or for retrieval of

information?

OP.(105) Are there requirements to provide the operator/user the capability to manipu-

late data regardless of the data's location in the system? [YN N

OP.l(16) Are there requirements to make system implementation details transparent to the

user (e.g., the user can access a file without knowing its location in the

system/network)? YNN

OP.2(l) a. What is the total number of different user input parameters? F I N/A7

b. How many input parameters have default values?

c. Calculate b/a and enter score.

OP.2(4) Are there requirements to enable the user to review and modify all input data

prior to execution? NN A

OP.2(5) Are there requirements to terminate all user-input data by explicitly defined

logical end of input? -[.N-A.

OP.2(6) Are there requirements to provide the user options for input media (e.g.,

terminal, tape drive, card reader)? N N'

OP.3(1) Are there requirements to provide the user with output control (e.g.,

choosing specific outputs, output media, output formats, amount of output? FN N
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OP.3(2) Is there a requirement for all outputs to the user to have unique,

descriptive labels for identifying data? YN N

OP.3(3) Is there a requirement to provide all outputs to the user in user-

oriented measurement units? YNN

OP.3(6) Are there requirements for all error messages to clearly identify the

nature of the error to the user? YN N

OP.3(7) Are there requirements to provide the user with options for output

media? MY

OP.3(8) Are theze requirements to establish a standard (common) user command

language for network information and data access?

RE.() Are there requirements to ensure communication paths to all remaining

nodes/communication Links in the event of a failure of one node/link? tr1--RI-

RE.A(2) Are there requirements for maintaining the integrity cx all data values

following the occurrence of anomalous conditions?

RE.I(3) Are there requirements to enable all disconnected nodes to rejoin the

network after recovery, such that the processing functions of the 3y-tem

are not inteirupted?

RE.1(4) Are there requirements to replicate all critical data in the system at

two or more distinct nodes? YN N

SD.2(1) Has the specfic standard been established ,hat each unit prologue contain

the unit's functio, author, version number, version dar.z, inputs, outputs,

algorithms, ass *nptions and limitatiors. E N-

SO.2(?) Has a standard been established for the identification and placement of
comments in the unit? EIiI IN

SD.3(5) Has a standard format for the structure of units been established? FYT-N N/,
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SI.l(1) Are there diagrams identifying all functions in a structured fashion (e.g.,

top-down hierarchical)? N r

S.I() Are there requirements for a programming standard? N N A

Sl.l(9) Has a programming standard been established? N NA

S.2(1) Are there requirements to use a structured language or preprocessor to

implement the software?

51.4(13) Are there requiremeats for a programming standard?

1SS.() Are there requirements to control user input/output access in the system

(e.g., user access is limited by identification and password checking)?

S-.1(2) Are there requirements to control data access in the system? =YN-7

S5.1(3) Are ihere requirements to control the scope of task operations during

executicn (e.g., tasks cannot invoke other tasks, access system registers,
or use privileged commands)? N NI

SS.l(4) Arv there requirements tn control access to the network? NN

SS.2(1) Are there requirements to record and report all access to the system (e.g.,

record ter'minal and processor linkage, data file access, and jobs run

information)?

3S.2(2) Are there requirements to immediately indicate and identify all access

violations?

ST.3(0) Are there requirements to isolate I/O functions from computational

functions?

ST.3(2) Are /O functions isolated from computational functions?
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SY.I(I) Are there requirements for the I/O transmission rates of this system
to be the same as the intet'operating system(s)?

SY.I(2) Are'there requirements for this system to use the same communication

protocol as the interoperating system(s)? YN

:-'.

SY.l(3) Are there requirements for common interpretation of the content in all

messages sent from and received by this system and by the interoperating
system(s) (e.g., all variables in the message have the same meaning)? Y N N7,

SY.l(1) Are there requirements for this system to use the same structure and
sequence for message contents as the interoperating system(s) (e.g., all

real variables are If bits in length; all real coordinates are ordered
XCOORD, YCOORD, ZCOORD)? YN

SY.2(l) Are there requirements for this system to use the same data format as the

interoperating system(s) %e.g., all characters are represented in ASCII
f format)? NI

- "Y2(2) Are there requirements for this system to establish the same data base

structure as the interoperating system(s) (e.g., all systems use a relational
data base containing similar information)?

SY.2(3) Are there requirements for this system to provide the same data base

access techniques as the interoperating system(s)? F Nl

SY.3(I) Are there requirements for this system to use the same word length as

' %"" the interoperating system(s)?

SY.3(2) Does this system use the same word length as the interoperating system(s)? Y N N

SY.3(3) Are there requirements for this system to use the same interrupt structure

as the interoperating system(s)?

SY.3(4) Does this system use the same interrupt structture as the interoperating
...

s 
yste m 

(s )
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Ji

S'r.3(0) Are there requirements for this system to use the same instruction set as

the interoperating system(s)?

SY.3(6) Does this system use the same instruction set as the interoperating

system(s)?

SY.4(I) Are there requirements o.,r this system to use the same source code

language(s) as the interc;%erating system(s)? YN N--'I-

SY.4(2) Are there requirements for this system to use the same operating system

as the interoperating system(s)? YNN

SY.4(3) Are there requirements for this system to use the same iupport software

as the interoperating system(s)? F"N

:)Y.5(l) Is documentation available from the interoperating system(s) that enables

interoperability requirements to be established for this system (e.g.,

documentation is up-to-date, complete, and clearly organized)?

TN.l(l) Are there requirements to provide lesson plans and training materials fir

operators, and users, and maintainers of the system? N N

TN.l(2) Are there requirements to provide realistic simulation exercises for

the system? NN

TN.I(3) Are there requirements, to provide "help" information and diagnostic infor-

mation for the operator, end user, and maintainer of the system (e.g.

provide an on-line list of legal commands or a list of the sequential steps

in a process)? NN/

TN.I(4) Are there requirements to provide selectable levels of aid and guidance for
system users of different degrees of expertise?

VR.I() Are there requirements to make system implementation details transparent

to the user (e.g., the user can create a file without specifying its location

in the system/network)?
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GLOSSARY

Anomalous Condition: An event -esulting in a deviation from the normal operating

environment or procedures.

Cohesion Value: The type of relationship that exists among the elements of each software

entity (Function, CSCI, Unit). The following are relative values for seven types of

cohesion:

COHESION TYPE VALUE

7) Functional 1.0
6) Informational 0.7

5) Communicational 0.5

4) Procedural 0.3

3) Classical 0.1
2) Logical 0.1

I) Coincidental 0.0

The following are descriptions of the seven types of cohension.
-) Coincidental

No meaningful relationships among the elements of an entity.
Difficult to describe the module's function(s).

S"22) Logical

Entity performs (at each invocation) one of a class of related functions (e.g.,

"edit all data").

Entity performs more than one function.

3) Classical

Ert""y cfrmo one of a cl= o-f fn-- *.-- -- c.. acd In timc (Program

.* procedure).
Entity performs more than one function.

4) Procedural

Entity performs more than one function, where the functions are related with

respect to the procedure of the problem (Problem procedure).

5) Communicational

Entity has procedural strength; in addition, all of the elements "communicate"
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Glossary (Continued)

with one another (e.g., reference same data or pass data among themselves).

All functions use the same data.

6) Informational

Entity performs multiple functions where the functions (entry points in the

module) deal with a single data structure.

Physical packaging together of two or more entities having functional

strength.

All functions use the same data.

7) Functional

All entity elements are related to the performance of a single function.

Command Language: The set of instructions used to invoke specific operations in a

computer software subsystem/program.

Communication Channel: The pdthways along which data/messages are communicated to

the various system components or nodes (i.e., other computer, data storage units,

special processors, etc.).

Coupling: The type of relationship that exists between two software entities (Functions,

CSCIs, Units). In achieving a highly modular design it is essential to

minimize the relationships among software entities. The goal is to design software

entities with low coupling. The scae of coupling from worst to best is: (I) Content

Coupling, 2) Common Coupling, 3) External Coupling, 4) Control Coupling, 5) Stamp

Coupling, and 6) Data Coupling.

1) Content Coupling - One software entity references the contents of another software

entity.

2) Common Coupling - Software entities reference a shared global data structure.

3) External Coupling - Software entities reference the same externally declared
symbol.
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Gl6ssar'r (Continued)

4) Control Coupling - One software entity passes control elements as arguments to

another software entity.

,., 5) Stamp Coupling - Two software entities reference the sarre data structure, which is

not global.

6) Data Coupling- One software entity calls another and the software entities are not

coupled as defined above (in I through 5).

Data Element: A specific entity of data (e.g., variab'e, constant, coefficient, etc.).

Data Format: The positioning, packing or organization of the order that the data appears

in.

Data Item: A specific entity of data (e.g., variable, constant, coefficient, etc.).

Data Record: A structured grouping of related data elements for the purpose of storage

or transmission.

Data Reference: A specific entity of data (e.g., variable, constant, coefficient, etc.).

Database Management Scheme: The methods and commands used to access or operate the

database management software system.

Design Representation: A formal statement of the details or organization of a design
using one of a number of design representation methodologies, such as, Flow Charts,

HIPO Chdrts, FDL, etc.

":'.Frror Analysis: A study to determine the minimum acceptable level of performance and

precision, allocates the accuracy requirements for the individual functions to be
-. performed by the system.

1/0 CQ~nnel: The pathways alcig which data/messages are communicated to the various

user-oriented peripherals in the system (e.g., CRT, Printer).
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Glossary (Continued)

Microcode Instruction: A low-level computer instruction specifying a single machine

operation.

Mission-Critical Function: A feature essential to fulfilling the desired objectives

of the system.

Multiple Transfer Index Parameters: A value used to select a variation in the

order of code execution (i.e., case statement, program switch, etc.).

Network: A system of computers, terminals, and data bases that are linked/

interconnected with the use of communication lines.

Node: The points at which subsidiary parts originate or connect to a system containing

interconnected system parts or devices.

Range-Test: A test performed to validate the object of interest over the complete

spectrum of applicable values.

Subscript Value: A value used to reference an entity from a group of related objects

(i.e., table index, array index, etc.).

Synchronization: The process of ensuring that two or more components of a system are

ready and capable of communicating with one another.

Virtual Storage: The storage space that may be regarded as addressable main storage by

the user of a computer system in which virtual addresses are mapped into real

addresses. The size of virtual storage is limited by the addressing scheme of the

computer system and by the amount of auxiliary storage available, and not by the

actual number of main storage locations.
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WORKSHEET PREPARATION INSTRUCTIONS

SECTION A - GENERAL INFORMATION

1. Enter the name and contract number of the project.

2. Enter the date the worksheet is prepared (month, day, year).

3. Enter the name of the person responsible for completing the worksheet.

4. Enter the name of the entity to which the worksheet is applied.

5. Enter the number and name of all documentation which is used as source

material for answering the metric questions in Section B.

6. Enter comments reflecting the inspector's observations on product quality and

any additional information regarding specific metric questions. Attach

additional sheets, as necessary.

SECTION B - METRIC QUESTIONS

Answer all applicable metric questions by circling the appropriate answer (Y yes,

N = no, N/A = not applicable) or by entering the appropriate value. A glossary of

terms is provided at the end of this section.
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SECTION A - GENERAL INFORMATION

1. PROJECT

2. DATE

3. INSPECTOR

4. PRODUCT

5. SOURCE DOCUMENTATION:

6. INSPECTOR COMMENTS:

4
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.-. SECTION B - METRIC QUESTIONS

AC.l(3) Are there quantitative accuracy requirements for all applicable inputs associated
with each applicable function (e.g., mission-critical function)?

AC.l(4) Are there quantitative accuracy requirements for all applicable outputs associated
with each applicable function (e.g., mission-critical function)? I N N

AC.l(5) Are there quantitative accuracy requirements for all applicable constants associated
with each applicable function (e.g., mission-critical function)?

AC.l(6) Do the existing math library routines which are planned for use provide enough
precision to support accuracy objectives? IIN N

W
AM.I(1) a. How many instances are there of different processes (or functions, sub-

functions) which are required to be executed at the same time (i.e.,
concurrent processing)? F J N/A

b. How many instances of concurrent processing are required to be

centrally controlled? F hl

c. Calculate b/a and enter score. I N

AM.I(2) a. How many error conditions are required to be recognized

(identified)?

b. How many recognized error conditions require recovery or repair? N

C. Calculate b/a and enter score.

AM.1(3) Is there a standard for handling recognized errors such that all error conditions

are passed to the calling function or software element? VYI N I N/
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AM.l(4) a. How many instances of the same process (or function, subfurction)
being required to execute more than once for comparison purposes

(e.g., polling of parallel or redundant processing results)?

b. How many instances of parallel/redundant processing are re-

quired to be centrally -ontrolled?

c. Calculate b/a and enter score. [ IN/A

AM.2(I) Are error tolerances specified for all applicable external input data (e.g., range

of numerical values, legal combinations of alpnanumerical values)? NN

AM.3(l) Are there requirements for recovery from all computational failures? i N N

AM.3(2) Are there requirements to range test all critical (e.g., supporting a mission-

critical function) loop and multiple transfer index parameters before

use? F NN

AM.3(3) Are there requirements to range test all critical (e.g., supporting a mission-

critical function) subscript values before use? [YIN N/AN

AM.3(4) Are there requirements to check all critical output data (e.g., data

supporting a mission critical system function) before final outputting? N N

AM.() Are there requirements for recovery from all detected hardware faults (e.g.,

arithmetic faults, power failure, clock interrupt)? N7N

AM.5(I) Are there requirements for recovery from all 1/O device errors? _NN/A_

AM.6(l) Are there requirements for recovery from all communication transmission

errors? FN7 N/A

AM.7(I) Are there requirements for recovery from all failures to communicate with other

nodes or other systems?
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AM.7(2) Are there requirements to periodically check all adjacent nodes or intereperat-

ing systems for operational status? Y N NA

AM.7(3) Are there requirements to provide a strategy for alternae routing of messages? I

AP.I(I) Is there a requirement to limit specific references to the data base management

scheme (e.g., all data calls for data base information are processed through an

executive)? YNN

AP.2(2) Is there a standard for commenting all global data within a software unit to

show where data is derived, the data's composition, and how the data is used? IY IN I N/AI

AP.2(4) Is there a s.andard for commenting all parameter input and output and local

variables within a software unit which includes requirements for

identifying the data's composition and use? YNN

AP.3() Is there a requirement to localize specific references to computer architecture
* "(e.g., specific device references localized to the executive rather than the

application software)?

AP.4(I) Is there a requirement to avoid or to limit the use of microcode instruction

statements? 1Y IN INIAl

* AP.5() a. How many functions?

b. How many functions are not unique to this application (e.g.,

can be used in a similar application with, at most, minimum

tailoring)?

c. Calculate b/a and enter score.r AT.l(2) Are there requirements for spare memory storage capacity?

,% AT.l(3) Are there requirements for spare auxiliary storage capacity?

A-36



METRIC WORKSHEET I CSCI LEVEL

AT.2(3) Are there requirements for spare processing capacity (time)? N N A

AT.3(I) Are there requirements for spare 1/0 channel capacity (time)? N N/A

AT.3(2) Are there requirements for spare communication channel capacity (time)?

AT.4(I) Are there requirements for interface compatibility among all the processors,

communication lirks, memory devices, and peripherals? N l

AT.4(2) Is documentation available which describes the results of any previous engineering

studies such as tradeoff studies, feasibility studies, risk analyses, and require..

ments definitions? E N NA

AT.t(3) Is documentation available which describes new or emerging software-related dis-

ciplines which may affect the scope of the software requirements or the software

implementation techniques (e.g., voice recognition using artificial intelligence

techniques)? Y N NA

AU.l(l) Are all processes and functions partitioned to be logically complete and self-

contained so as to minimize interface complexity? N K N A

AU.2() Does each operational CPU/system have a separate power source? N N A

AU.2(2) Are there requirements for the executive software to perform testing of its

own operation and of the communication links, memory devices, and peripheral

devices? E =N N A

CLJ(l) Are there requirements for communication with other systems? NK N A

CL.I(2) Is there a requirement for a protocol standard to control all network

communication? ff N NA

CL.I(3) Is network processing control part of the network protocol standard?

CL.l(1) Is user session control part of the network protocol standard? Y N IN/A]

1-6
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CL.I() Is communication routing part of the network protocol standard?

CL.I(6) Is uniform message handling (e.g., synchroni2 ation, message decoding) part of the

network protocol standard? 'N NA

CL.I(7) a. How many functions receive inpots from other systems?

b. Calculate I/a and enter score. LJ±1N/A

CL.l(S) a. How many functions transmit outputs to other systems? liN/A

b. Calculate I/a and enter score. NA

CL.1(9) a. How many other systems must respond correctly to successfully

complete synchronization? F ] N/A7

b. Calculate 1/a and enter score. NA

CL.MI) Does the time to perform successful synchronization impose constraints upon sys-

tem computation or response time (e.g., result in user wait time of more than

several seconds)? Y TN7-NAl

CL.1( 1) Is the CSCI free from timecritical constraints with respect to external

communication (e.g., data freshness)? Y TN IN7Al

CL.A(12) a. How many other systems is this CSCI required to interface

with? [ [NA l

b. Calculate I/a and enter score. [ [ N/AI

CL.I0(3) Is there a general description of how the computer system appears to the users

and how the users interact with the computer system (e.g., operational concept

documcnt)? Y N N/Al

1-7
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CL.(14) Is there a complete and definitive set of operating procedures for using this

system? 1Y IN IN/AI

Cl.2(Ii Has a standard been established for common representations of data and/or for

translations between representations of data for uniform communication with

other systems? 1Y IN IN/A

CL.2(2) a. How many functions perforn data translations?

b. Calculate I/a and enter score. N/AQ

CL.2(3) Is there a requirement to receive all input data from other systems in common

formats (e.g., common formats for data positioning, data packing, block trans-

mission)? Y IN AI

CL.2(4) a. How many diffe,ent formats are used for input data from other systems

(e.g., formats ior data positioning, data packing, block

transmissior)? M

b. Calculrte l/(l+a) and enter score.

CL.2(5) Is there a requirement to output all data to other systems in common formats

(e.g., common formats for data positioning, data packing, block transmission)? 1Y JN _N/Aj

CL.2(6) a. How many different formats are used for output data to other systems

(e.g., formats for data positioning, data

packing, block transmission)? -- N7-

b. Calculate 1/(l+a) and enter score.

CL.2(7) a. How many different types of input records are received from other

systems?

b. How many types of input records received from other systems contain tags

identifying the type of data they contain? I IN/Q

A-8
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c. Calculate b/a and enter score. N

CL.2(8) a. How many different types of output records are transmitted to other

systems?

b. How many types of output record transmitted to other systems contain tags

identifying the type of data they contain? '-'-

C. Calculate b/a and enter score.

CL.3(i) :as a common technical vocabulary with equivalent definitions been established for

use with this system and for use with all interoperating systems (e.g., definition

and use of data item, block, record)? Y N NA

CP.I(l) Are all inputs, processing, and outputs clearly and precisely defined? Y N N

CP.I(2) a. How many data references are identified? i' NIAI

b. How many identified data references are documented with

regard to source, meaning, and format?

c. Calculate b/a and enter score. I NIN

CP.1(3) a. How many data items are defined (i.e., documented with regard

to source, meaning, and format)? E 7M

b. How many defined data items are referenced? [---r

C. Calculate bla and entcr scorc. [I

CP.I(5) Have all defined functions (i.e., documented with regard to source, meaning,

and format) been referenced? Y N N/A

CP.l(6) Have all system ft.-'tions allocated to this CSCI been allocated to software

functions within th.' CSCI? FN NI

"-9

A-40

z

, '.-'.': -. ,, ..- .. .,.-........, ~~~.......... .......- ,--........-. "... --......-........ ........



METRIC WORKSHEET! CSCILEVEL

CP.I(7) Have all referenced functions been defined (i.e., documented with precise inputs,
processing, and output requirements)? N NA

CP.I(8) Are the processing flows (algorithms) and all decision points (conditions and
alternate paths) in the flows described for all functions? N N/A

CP.I(Il) a. How many software problem reports have been recorded, to

date'

b. How ma.y recorded software problem reports have been closed

(resolved), to date? N

c. Calculate b/a and enter score. N

CS.l1) Have specific standards been established for design representations (e.g., HIPO
charts, progr am design language, flow charts, data flow diagrams)? N N A

CS.I(2) Have specific standards been established for calling sequence protocol between
software units? N NA

CS.1(3) Have specific standards been established for external I/0 protocol and format

for all software units? 1Y IN IN/Al

CS. 1() Have specific standards been established for error handling for all software
units?

CS.1(5) Do all referenc2s to the same CSCI function use a single, unique name? N N A

CS.2(l) Have specific standards been established for all data representation in the
-* .. design?

CS.2(2) Have specific standards been established for the naming of all data?

CS.2(3) Have specific staindards been established for the definition and use of all globai
variables? F1NN/A

1-10
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CS.2(4) Are there procedures for establishing consistency and concurrency of multiple

copies (e.g., copies at different nodes) of the same software or data base

version? YNN

CS.2(5) Are there procedures for verifying consistency and concurrency of multiple copies

(e.g., copies at different nodes) of the same software or data base version? Y N N

CS.2(6) Do all references to the same data use a single, unique name?

D1.1(1) Is a graphic portrayal (e.g., figures, diagrams, tables) provided which identifies

all software functions and functional interfaces?

D.I(2) Is a graphic portrayal provided which identifies all different types of CSCI-

level information and the information flow within the CSCI? Y N N

DI.1(3) Are there requirements for the organization and distribution of information

within the CSCI (e.g., information distributed across nodes or among storage

devices)? N NA

DI.I(4) Are there requirements for file/library accessibility from each node?

DI.1(6) Are there requirements to distribute all mission-critical functions over redun-

dant elements or nodes? N NA

DI.I(7) Are there requirements to distribute control functions across different nodes/

elements so as to ensure system operation under anomalous conditions? Y N N/ A

.DI.(8) Do the requiremer-s allow for implementing functions across several physical struc-

tures (i.e., function dnd physical structure are not necessarily the same)? IY N TN/ A

* .DI.(9) Are there requirements regarding the number of nodes that can be removed from an

operational system such that each remaining node still maintains its capability to

communicate with all other remaining nodes?
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DO.1(1) Are current versions of all software documentation related to the project free

from access control (i.e., any member of the current project or other projects

may access a copy of any document)? NN

DO.2(I) Is all the documentation structured and written clearly and simply such that

procedures, functions, algorithms, etc, can be easily understood? N N

DO.2(2) Does the requirements/design documentation clearly depict control and data flow

(e.g., graphic portrayed with accompanying explanations or PDL)? N N
-v

DO.2(3) Does all documentation contain an indexing scheme which facilitates quickly

locating and accessing various information in the document (e.g., hierarchical

structured table of contents, inserted tabs)? IYIN IN/"

DO.2(4) Do the software specifications and design documentation have separate

volumes or separations within a single volume based on system functions

or software functions? Y NN F7

DO.2(0) Does the documentation completely characterize the operational capabilities of

the software (e.g., identify all the performance parameters and limitations? Y N N

DO.2(6) Does the documentation contain comprehensive descriptions of all system/software

functions including functional processing, functional algorithms, and

functional interfaces? YNN

EC.l(I) Have performance requirements and limitations for system communication

efficiency been specified for each CSCI function? N N

EP.l(l) Have performance reauirements and limitations for processing efficiency been

specified for each CSCI function (e.g., flow time for process, execution L
time)? Y N N

EP.l(3) Is there a requirement to use an optimizing compiler or to code in assembly

language to optimize processing efficiency?

1-12
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EP.l(5) Is memory management of the CSCI free from requiremenlts for overlays?

EP.2(l) Have performance requirements and limitations for storing data to efficiently

4'--' process it been specified for each CSCI function? Y NTN

EP.2(2) Are there requirements to efficiently process stored information (e.g.,

rapidly update files, buffers, etc.)?

EP.2(3) Does the source code language(G) enable variable initialization when trhe

variable is declared?

ES.() Have performance requirements and limitations for storing data to efficiently

utilize primary and secondary storage been specified for each CSCI function

(e.g., data packing, dynamic memory management)? Y NTN

ES.I(2) Does the memory management of the CSCI incorporate virtual storage? EN N

ES.1(5) Does the memory management of the CSCI incorporate dynamic. reallocation
--*~i of physical memory space during execution (dynamic memory management)?

ES.I(7) Is there a requirement to use an optimizng compiler or to code in assembly
language to optimize storage efficiency?

ES.I(8) Are there requirements to avoid redundant storage of files and libraries? FNTN/ I

FO.A(I) a. How many functions in this CSCI? [---'N-

b. How many CSCI functions are duplicated in interoperating

systems? F NI

C. Calculate 1-(b/a) and enter score. F IN//

FO.1(2) a. How many duplicated function sets exist between this CSCI and

interoperating CSCI's (i.e., the same function is performed in

this CSCI and in an interoperating CSCI)? I

1-13
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b. In how many instances of the duplicated funrtion sets will duplicated

functions be deleted (i.e., leaving the responsibility for performing

the function with one system)? ! jN7A[

c. Calculate I-(b/a) and enter score.

FO. 0(3) a. How many duplicated function 3ets exist between this CSCI and inter-

operating CSCI's (i.e., the same function is performed in this CSCI

and in an interoperating C.i =)?

b. How many of the duplicated function sets require synchronization of the

functions within the set? N

c. Calculate l-(b/a) and enter score.

FO.1(4) a. How many duplicated function sets exist between this CSCI and inter-

operating CSCI's (i.e.: the same function is performed in this CSCI and
in an interoperating CSCI)? f

b. How many of the duplicated function sets require redundancy management

techniques/logic to enable system interoperability?

C. Calculate- 1-(b/a) and enter score.

EFS.2(1) Are there requirements to construct functions in such a way so as to facilitate

their use in othe, similar CSCI applications? 0 =N

FS.2(2) a. How many CSCI functions? C--'Z-

b. How many CSCI functions are constructed in such a way so as to facilitate

their use in other similar CSCI applications? I I N

C. Calculate 1-(b/a) and enter score. N

F5.2(3) Are ali inputs docum-nented as to the specific u-be and limitations of the data?

1-14
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FS.2(4) Are all input/output formats specified and documented? Y N N

FS.2(5) Are all outputs documented as to the specific use and interpretation of

the data?

FS.2(6) a. How many. CSCI functions?

b. How many CSCI functions will likely satisfy the requirements of other

similar applications?

c. Calculate I-(b/a) and enter score.

FS.3(l) Are there requirements to provide the user options for computation and output

(e.g., selection of type of coordinate system, output media, format)?

FS.3(2) Are there requirements to enable modification of the resources allocated

to functions (e.g., changing the amount of memory work space for a

function)?

FS.3(3) a. How many functions are typically performed by a CSCI for this

application?

b. How many functions does this CSCI perform? "=N

c. Calculate b/a and enter score. (Note that if b/a is greater than

one, enter one.) [:=N A

ID.I(2) Is there a requirement to use a standard subset of the implementation

language(s)"

ID.I(3) Has a standard subset of the implementation language(s) been established

for coding? EN /

ID.2(l) Are the same version and dialect of the implementation language(s)

supported on other machines YNN/
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MO.I(I) Ace there requirements to develop all software functions and software elements

according to structured design techniques (e.g., top-down design)? Y N N

MO.1(2) Are all software functions and CSCI's developed according to structured

design techniques?

MO.2(I) Are there requirements regarding the relationships among software entities

(i.e., types of coupling allowed among software functions, CSCI's, CSC's and

units) (e.g., requirements to minimize content, common and external coupling

among software entities)?

MO.2(2) a. How many interfaces among software functions? Ni

b. How many software functional interfaces include:

bl Content coupling N

b2 Common coupling NI

b3 External coupling

c. Calculate I - ((bl+h2+b3)/(3xa)) and enter score.

MO.2(3) a. How many interfaces among software functions? I

b. How many software functional interfaces include:

bl Control coupling [ JNIA7

b2 Stamp coupling 1hI1

b3 Data coupling

c. Calculate I - ((bl+b2)I(2xa)+b3/a) and enter score. I' I
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MO.2(4) Are there requirements regarding the relationship between the elements within

a software entity (i.e., cohesion value for software functions, CSCI's. CSC's,

6 and units) (e.g., all software entities are required to reflect an average

cohesion value of 0.6 or greater)? YNN

MO.2(5) What is the average cohesion vaiue of all software functions in this

CSCI?

List each software function and its cohesion value below: -- NT

S-SOFTWARE FUNCTION COHESION VALUE

OP.I(1) Have the operating characteristics of the CSCI been specified (i.e., the

normal and alternate procedures and actions performed by the CSCI? V N N

OP.l(2) Are all the errors specified which are to be reported to the operator/

user? IY N

OP.1(3) Are the required operator/user responses specified for all reported

errors?

OP.1(4) Are there requirements to provide the operator with the capability to
interrupt system operation, obtain operational status, save and enter data,

and continue processing? YNN

OP.1(5) a. How many operations/responses are performed by the operator for a

* typical mission/job? N

b. Calculate I/(1.a) and enter score.
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OP.1(6) Are there requirements to specify the procedures for setting up a

mission/job and completing it?

OP.I(8) Are there requirements to maintain a hard copy log of all operator

interactions with the CSCI? YN

OP.(10) Are there requirements to provide simple and consistent operator messages

and require simple and consistent operator responses (i.e., minimize the

number of operator message and response formats; use the same format types

throughout the CSCI)? YN N/

OP.(11) Are there requirements to report all access violations to the operator? YN N/RE

OP.(12) Are there requirements specifying the appropriate response(s) (by the

operator, the system/software, or both) for all access violations? V N N

OP.1(13) Are there requirements to provide the operator/software the capability to obtain

specific system (or network) resource status information and to reallocate

resources? Y NN

OP.(14) Are there requirements to provide the operator/user the capability to select

different nodes for different types of processing or for retrieval of

information? YN N

OP.1(15) Are there requirements to provide the operator/user the capability to manipu-

late data regardless of the data's location in the system? N N

OP.1(16) Are there requirements to make system implementation details transparent to the

user (e.g., the user can accesb d 11i1 without knowing its iocdtion in the

system/network)? YNN

OP.2(1) a. What is the total number of different user input parameters? -- 7N/

b. How many input parameters have default values?

1-lr
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c. CalL!ate b/a and enter score.

OP.2(2) a. How many different input formatq must the user be familiar

with?

b. Calculate I/a and enter score. C NM

OP.2(3) a. What is the total number of different user input parameters? ri .L7

b. How many user input parameters enable the user to provide a

description along with the values (e.g., user inputs:

"targets = 2")?

c. Calculate b/a and enter score. =N,

OP.2(4) Are there requirements to enable the user to review and modify all input data

prior to execution? Y N NA

OP.2(5) Are there requirements to terminate all user-input data by explicitly defined

logical end of input? Y "N -NAl

OP.2(6) Are there requirements to provide the user options for input media (e.g.,

terminal, tape drive, card reader)? Y N NI

OP.3(I) Are there requirements to provide the user wi.h output control (e.g.,

choosing specific outputs, output media, output formats, amount of
output)? NNI

OP.3(2) Is there a requirement for all outputs to the user to have unique,

descriptive labels for identifying data? IYJNIN/

OP.3(3) Is there a requirement to provide all outputs to the user in user-

oriented measureme.nt units? YNN
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OP.3(4) a. How many different formats are output to the user

(e.g., CRT display arrangements, printer outputs)? J T

b. Calculate 1/a and enter score.

OP.3(5) Are all user outputs separated into logical groups to facilitate

A.. user examination? '1 N NA

OP.3(6) Are there requirements for all error messages to clearly identify the

nature of the error to the user? Y N NA

OP.3(7) Are there requirements to provide the user with options for output

media? II N NA

OP.3(8) Are there requirements to establish a standard (common) user command

language for network information and data access? I N N A

- RE.l(i) Are there requirements to ensure communication paths to all remaining

node.s/communication links in the event of a failure of one node/link? Y N N/A

RE.l(2) Are there requirements for maintaining the integrity of all data values

following the occurrence of anomalous conditions? Y N N A

RE.l(3) Are there requirements to enable all disconnected nodes to rejoin the

network after recovery, such that the processing functions of the system

are not interrupted? I N NA

RE.l(4) Are there requirements to replicate all critical data in the CSCI at

two or more distinct nodes? Ly N N

SD.2(1) Has the specific standard been established that each unit prologue contain

tne unit's function, author, version number, version date, inputs, outputs,

assumptions and limitations. l'N A
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SD.2(2) Has a standard been established for the identification and placement of

comments in the unit?

SD.3(5) Has a standard format for the structure of units been established? F NI -

S[.I() Are there diagrams identifying all functions in a structured fashion (e.g.,

- top-down hierarchica9? YNN

S.M(8) Are there requirements for a programming standard? I N N

SI.1(9) Has a programming standard been established? YN

SI.2() Are there requirements to use a structured language or preprocessor to

. implement the software? YI NIN/

SI.4(13) Are there requirements for a programming standard? Y N N

"." SS.(l) Are there requirements to control user input/output access in the CSCI

- - (e.g., user access is limited by identification and password checking)? Y N N

SS.1(2) Are there requirements to control data access in the CSCI? V N N

SS.1(3) Are there requirements to control the scope of task operations during

execution (e.g., tasks cannot invoke other tasks, access system registers,

or use privileged commands)?

SS.1(4) Are there requirements to control access to the network?

SS.2(l) Are there requirements to record and report all acress to the system (e.g.,

record terminal and processor linkage, data file access, and jobs run

information)?YN

SS.2(2) Are there requirements to immediately indicate and identify all access

" ' '"violations'
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ST.3(I) Are there requirements to isolate 1/0 functions from computational

functions?

ST.3(2) Are 1/O functions isolated from computation functions?

SY.l(1) Are there requirements for the I/O transmission rates of this CSCI

to be the same as the interoperating CSCI(s)? NN

SY.1(2) Are there requirements for this CSCI to use the same communication potocol

as the interoperating CSCI(s)? NN

SY.l(3) Are there requirements for common interpretation of the content in all

messages sent from and received by this CSCI and by the interoperating

system(s) (e.g., al! variables in the message have the same meaning)? Y N N

SY.I(4) Are there requirements for this CSCI to use the same structure and

sequence for message contents as the interoperating system(s) (e.g., all

real variables are 16 bits in length; all real coordinates are ordered

XCOORD, YCOORD, ZCOORD)? YNN

SY.2() Are there requirements for this CSCI to use the same data format as the

interoperating system(s) (e.g., all characters are represented in ASCII

format)? YNN

SY.2(2) Are there requirements for this CSCI to establish the same data base

structure as the interuperdting CSCi(s) (e.g., all CSCI's use a relational

data base containing similar information)? YNN

SY.2(3) Are there requirements for this CSCI to provide the same data base

access techniques as the interoperating CSCI(s)? Y N

SY.3(l) Are there requirements for this CSCI to use the same word length as

the inttroperating CSCI(s)? YNN

SY.3(2) Does this CSCI use the same word length as the interoperating CSCI(s)? Y N N
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SY.3(3) Are there requirements for this CSCi to use the same interrupt structure

as the interoperating CSCI(s)? YNN

SY.3(4) Does this CSCI use the same interrupt structure as the interoperating

CSCI(s)?

SY.3(5) Are there requirements for this CSCI to use the same instruction set as

the interoperating CSCI(s)? IYI NI NO

SY.3(6) Does this CSCI use the same instruction set as the interoperating

CSCI(s)? YNN

SY.4(l) Are there requirements for this CSCI to use the same source code

language(s) as the interoperating CSCI(s)? 1YI N I/NI

SY.4(2) Are there requirements for this CSCI to use the same operating system

as the interoperating CSCI(s)? N N

SY.4(3) Are there requirements for this CSCI to use the same support software

as the interoperating CSCI(s)? 1Y I N INLA

SY.5(l) Is documentation available from the interoperating system(s) that enables

. "interoperability requirements to be established for this CSCI (e.g.,

documentation is up-to-date, complete, and clearly organized)? N N

TC.I(1) Is there a table(s) tracing all of the CSCI's allocated requirements

to the parent system or subsystem specification(s)? N N/A

TN.I(l) Are there requirements to provide lesson plans and training materials for
~~~operators, and users, and maintainers of the CSCI? YINI/A

TN.I(2) Are there requirements to provide realistic simulation exercises for

the CSCI? -' N N/A
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TN.I(3) Are there requirements to provide "help" information and diagnostic infor-

mation for the operator, end user, and maintainer of the CSCI (e.g.,

provide an on-line list of legal commands or a list of the sequential steps

in a process)?

TN.1(4) Are there requirements to provide selectable levels of aid and guidance for

CSCI users of different degrees of expertise?

VR.(l) Are there requirements to make system implementation details transparent

to the user (e.g., the user can create a file without specifying its location

in the system/network)? ENN

4."
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GLOSSARY

Anomalous Condition: An event resulting in a deviation from the normal operating

environment or procedures.

Cohesion Value: The type of relationship that exists among the elements of each software

entity (Function, CSCI, Unit). The following are relative values for seven types of

cohesion.

- A~COHESION TYPE VALUE

7) Functional 1.0

6) Informational 0.7

5) Communicational 0..5

4) Procedural 0.3

3) Classical 0.1

2) Logical 0.1
1) Coincidental 0.0

The following are descriptions of the seven types of cohension.

1) Coincidental
No meaningful relationships among the elements of an entity.

Difficult to describe the module's function(s).

2) Logical
Entity performs (at each invocation) one of a class of related functions (e.g.,

"edit all data").

Entity performs more than one function.
3) Classical

* . Entity performs one of a class of functions that are related in time (Program

* procedure).

.Entity performs more than one function.
4) Procedural

Entity performs more than one function, where the functions are related with

respect to the procedure of the problem (Problem procedure).
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GLOSSARY (continued)

5) Communicational

Entity has procedural strength; in addition, all of the elements "communic, te"

with one another (e.g., reference same data or pass data among themselves).

All functions use the same data.

6) Informational

Entity performs multiple functions where the functions (entry points in the

module) deal with a single data structure.

Physical packaging together of two or more entities having functional strength.

All functions use the same data.

7) Functional

-•All entity elements are related to the performance of a single function.

Command Language: The set of instruc:tions used co invoke specific operations in a

computer software subsystem/progra.n.

Communication Channel- The pathways along which data/messages are communicated to
the various -ystem components or nodes (i.e., other computer, data storage unitt,

special processors, etc.).

Coupling: The type of relationship that exists between two software entities (Functions,
CSCIs, Units). In achieving a highly modular design it is essential to

minimize the relationships among software entities. The goal is to design !,oftware
entities with low coupling. The scae of coupling from worst to best is: (1) Content

-t-p~.6, ---mmn Coupllg, 3) E~cn!Coup.Lng, 4) Coto Cajpjjng, 5) Sa

Coupling, and 6) Data Coupling.

I) Content Coupling - One software entity references the cononts of nother software

entity.

2) Common Coupling - Software entities reference a shared global data structure.
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GLOSSARY (continued)

3) External Coupling - Software entities reference the same externally d.clared

symbol.

4) Control Coupling - One software entity passes control elements as arguments to

another software entity.

- 5) Stamp Coupling - Two software entities reference the same data structure, which is

not global.

6) Data Coupling - One software entity calls another and the software entities are not

coupled as defined above (in I thorugh 5).

Data Element: A specific en':ity of data (e.g., variable, constant, coefficient, etc.).

Data Format: The positioning, packing or organization .,f the order that the data appears

in.

Data Item: A specific entity of data (e.g., variable, constant, coefficient, etc.).

Data Record: A structured grouping of related data elements tor the purpose of storage

or transmission.

Data Reference: A specific entity of data (e.g., variable, constant, coefficient, etc.).

Database Management Scheme: The methods and commands used to access or operate the

databse management software system.

Design Representation: A formal statement of the details or organization of a design

using one of a number of design representation methodologies, such as, Flow Charts,

\-ir.. HIPO Charts, PDL, etc.

I!O Channel: The pathways along which data/messages are communicated to the various
. user-oriented peripherals in the system (e.g., CRT, Printer).

Microcode Instruction: A low-level computer instruction specifying a single machine

; ' operation.
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GLOSSARY (continued)

Mission-Critical Function: A feature essential to fulfilling the desired objectives

of the system.

MAultiple Transfer Index Parameters: A value used ta select a variation in the order of

code execution (i.e., c.- a statement, program switch, etc.).

Network: A system of computers, terminals, and data bases that are linked/

interconnected witn the use of commuiication lines.

Node: The points at which subsidiary parts originate or connect to a system contai..ing

interconnected system parts or devices.

Range-Test: A test performed to validate the object of interest over the complete

spectrum of applicable values.

Subscript Value: A value used to reference an entity from a group of related objects

(i.e., *able index, array index, etc.).

Synchronization: The process of ensuring that two or more components of a system are

ready and capable of communicating with one another.

Virtual Storage: The storage space that may be regarded as addressible main storage by

the user of a computer system in which virtual addresses are mapped into real

addresses. The size of virtual storage is limited by the addressing scheme of the

computer system and by the ancunt of auxiliary storage ..... abe, and no- by the

actual number of main storage loca ions.

1-28

A-59

-.- r.. rr.....-. .. %.. -. " ..- - . w-
"

,'.'..-. -'.d .'.-' .'. ,,T-.9-rr- -- -- -,-. . -. . .' -. ..



AM

METRIC WORKSHEET 2 CSCI LEVEL

WORKSHEET PREPARATION INSTRUCTIONS

SECTION A - GENERAL INFORMATION

I. Enter the name and contract number of the project.

2. Enter the date the worksheet is prepared (month, day, year).

3. Enter the name of the person responsible for completing the worksheet.

4. Enter the name of the entity to which the worksheet is applied.

5. Enter the number and name of all documentation which is used as source

material for answering the metric questions in Section B.

6. Enter comments reflecting the inspector's observations on product quality and

any additional information regarding specific metric questions. Attach

additional sheets, as necessary.

SECTION B - METRIC QUESTIONS

Answer all applicable metric questions by circling the appropriate answer (Y = yes,

N = no, N/A = not applicabie) or by entering the appropriate value. A glossary of

terms is provided at the end of this section.

2-1

A-60



METRIC WORKSHEET 2 CSCI LEVEL

SECTION A - GENEP.AL INFORMATION

1. PROJECT

2. DATE

3. INSPECTOR

4. PRODUCT

5. SOURCE DOCUMENTATION:

6. INSPECTOR COMMENTS:
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SECTION B - METRIC QUESTIONS

AC.1(7) Do the numerical techniques used in implementing applicable functions (e.g.,

mission-critical functions) provide enough precision to support accuracy
objectives? N NA

AM.3(l) Are there provisions for recovery from all computational failures?

AM.4(1) Are there provisions for recovery from all detected hardware faults (e.g., arith-
* '. " metic faults, hardware failure, clock interrupt)?

AM.5() Are there provisions for recovery from all I/O device errors?

AM.6(1) Are there provisions for recovery from all communication transmission errors? r

AM.6(2) Is error checking information (e.g., checksum, parity bit) computed and trans-

mitted with all messages?

AM.6(3) Is error checking information computed and compared with all message recep-
-. - tions? FFN MR

AM.6(4) Are transmission retries limited for all transmissions? N N

AM.7(l) Are there provisions for recovery from all failures to communicate with other

nodes or other systems?
-"A ?. ( 2 A ,,a h e r .. . . , . - - -. ?.... .. - . - I . "

AM.7(2) . .A .C , to pcridcU., co, ai," oGacent nodes or interoperating

systems for operational status?

AM.7(3) Are there provis'ons for alternate routing of messages?

AP.1(I) Are there provisions for limiting specific references to the data base manage-

ment scheme (e.g., all data calls for data base information are processed

through an executive)?
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AP.(l) a. How many algorithms?

b. How many algorithms are not unique to this application (e.g.,

table driven algorithm)?

c. Calculate b/a and enter score. I N/A

AP.5(2) a. How many algorithms? EZIN

b. How many algorithms have been verified with resp-ct to their

requirements?

c. Calculate b/a and enter score.

AP.5(3) a. How many algorithms? I N/

b. How many algorithms have test data available which reflects

results of algorithm verification? I INZ

c. Calculate b/a and enter score. N

AT.I(2) a. What is the total memory space allocated?

b. What is the estimated memory space used (total less spare)?

c. Calculate 1-(b/a) and enter score. N/N

AT.1(3) a. What is the total auxiliary storage space allocated?

b. What is the estimated auxiliary storage space used (total less

spare)?

c. Calculate l-(b/a) and enter score. E7=N
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AT.2(3) a. What is the total processing time allocated?

.""."b. What is the estimated I/0 processing time used

(total less spare)?

c. Calculate l-(b/a) and enter score.

AT.3(l) a. What is the total I/O channel time allocated?

- b. What is the estimated I/O channel time used (total less spare)? N/74

c. Calculate [-(b/a) and enter score.

Note, for more than one I/O channel, list aiswers to a., b., and c.

, ,below, and enter average of answers in boxes above.

I/O CHANNEL a. b. c.

0
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AT.3(2) a. What is the total communication channel time allocated?

b. What is the estimated communication channel time used (total

less spare)?

c. Calculate l-(b/a) and enter score.

Note. for more than one communication channel, list answers to a.,
b., and c. below and enter average of answers in boxes above.

COMMUNICATION
CHANNEL a. b. c.

AT.4(i) Are all processors, communication links, memory devices, and peri-

pherals compatible (e.g., of a common vendor or model)? YT N NA

AU.l(l) Are all processes and functions partitioned to be logically complete and self-

contained so as to minimize interface complexity? Y NTN A

AU. () a. How much estimated processing time is typically spent exe-

cuting the entire CSCI? NI

b. How, much estimated processing time is typically spent in exe-

cution of hardware and device interface protocol?

c. Calculate l-(b/a) and enter score.

AU.2(2) Does the executive software perform testing of its own operation and of

the communication links, memory devices, and peripheral devices?
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CL.l(2) Is there compliance with the network communication protocol standards?

CL.I(3) Is all network processing controlled in accordance with the protocol standard? F- N

CL.l(1) Are all user sessions controlled in accordance with the protocol standard?

CL.I(5) Is all communication routing performed in accordance with the protocol standard?F J

CL.A(6) Is all message handling (e.g., synchronization, message decoding) performed

in a uniform manner in accordance with the protocol standard?

; CL.A(7) a. How many top-level CSC's receive inputs from other systems? --- T

b. Calculate I/a and enter score. = IN

" .* CL.I(8) a. How many top-level CSC's transmit outputs to other systems?

* b. Calculate I/a and enter score. NZI 1-ZN

CL.l(I 1) Are there no time-critical constraints with respect to external communication

.- " (e.g., data freshness)? IjNTN/A

CL.A(3) Is there a general description of how the computer system appears to the users

and how the users interact with the computer system (e.g., operational concept

document)?

" CL.1(14) Is there a complete and definitive set of operating procedures "or using tlis

* system? 1 I I N/A

- CL.2(l) Do all data representations and translations comply with the established

standard Y N/A

CL.2(2) a. How many top-level CSC's perform data translations? ] INI

b. Calculate 1/a and enter score. _77
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CL.2(4) a. How many different formats are used for input data from other systems

(e.g., formats for data positioning, data packing, block

transmission)?

b. Calculate lI(l+a) and enter score.

CL.2(6) a. How many different formats are used for output data Co other systems

(e.g., formats for data positioning, data packing, block

transmission)?

b. Calculate l/(l+a) and enter score.

CP.I(I) Are all inputs, processing, and outputs clearly and precisely defined? -. r,,

CP.1(2) a. How many data references are identified? I IN/A

b. How many identified data references are documented with

regard to source, meaning, and format? NA

c. Calculate b/a and enter score. m iN

CP.l(3) a. How many data items are defined (i.e., documented with regard

to source, meaning, and format)?

b. How many defined data items are referenced?

c. Calculate b/a and enter score.

CP.I(4) a. How many data references are identified? LZIIN7A

b. How many identified data references are computed or obtained

from an external source (e.g., referencing global data with

preassigned values, input parameters with preassigned values)?

C. Calculate b/a and enter score. N
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CP.I(6) Have all functions for this CSCI been allocated to top-level CSC's of this CSCI? N"N

CP.1(9) Are all conditions and alternative processing options defined for each

decision point? N NA

CP.l(I 1) a. How ma ,y softw" :e problem reports have been recorded, to

date?

b. How many recorded software problem reports have been closed

(resolved), to date? I I/

C. Calculate b/a and enter score. ' N/

CS.I(I) Are the design representations in the formats of the established standard? N/A

CS.I() Do all references to the same top-level CSC use a single, unique name? N N A

CS.2(0) Does all data representation comply with the established standard? N I N A

CS.2(2) Does the naming of all data comply with the established standard? NF N 7N/Al

CS.2(3) Is the definition and use of all global variables in accordance with the

established standard? N' NA

CS.2(4) Are there procedures for establishing consistency and concurrency of multiple

copies (e.g., copies at different nodes) of the same softwdre or data base

verson? FFN IN/Al

CS.2(5) Are there procedures for verifying consistency and concurrency of multiple

copies (e.g., copies at different nodes) of the same software or data base

version? NN I N

CS.2(6) Do all references to the same data use a single, unique name? FTM
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D.1(1) Is a graphic portrayal (e.g., figures, diagrams, tables) provided which identifies

all top-level CSC's and their interfaces within the CSCI?

D1.1(2) Is a graphic portrayal provided which identifies all types of top-level CSC infor-

mation groupings and top-level CSC information flow within the CSCI?

.DII(4) Are all files/libraries accessible from each node in accordance with the estab-

lished requirements?

D0.1(5) Can alternate processing sources (for this CSCI) be selected withn the system?

Dl.1(6) Are all mission-critical functions (for this CSCI) distributed over redundant

elements or nodes? "N N

DI.1(7) Are control functions (for this CSCI) distributed across different nodes/elements

so as to ensure system operation under anomalous conditions? N N

D1.1(9) Can each node communicate with all remaining nodes in accordance with the

requirements concerning node removal? JY I N I NI

DO.1(1) Are current versions of all software documentation related to the project free

from access control (i.e., any member of the current project or other projects

may access a copy of any document)? N

DO.2(1) Is all the documentation structured and written clearly and simply such that

procedures, functions, algorithms, etc. can be easily understood?

DO.2(2) Does the requirements/design documentation clearly depict control and data flow

(e.g., graphic portrayed with accompanying explanations or PDOL)? YTN I N1"1

D0.2(3) Does all documentation contain an indexing scheme which facilitates quickly

locating and accessing varinus information in the document (e.g., hierarchical

structured table of contents, inserted tabs)?

2-10

A-69

4,

:: ': .',, % ..' ," : " .:." '-. , ',, -*-. -.-. ,... . .,"., . . . . . ..,.--..,.,., '. , . : ,,"/ ., , ",.." .. . ,



METRIC WORKSHEFT 2 CSCI LEVEL

DO.2(4) Do the s ftware specifications and design documentation have separate

volumes or separations within a single volume based on system functions

* or software functions?

DO.2(0) Does the documentation completely characterize the operational capabilities of

" " the software (e.g., identify all the performance parameters and limitations)? 1Y IN

DO.2(7) Does the documentation contain comprehensive descriptions of all algorithms

* °used and their limitations, including inputs, outputs, and required

precision? N NA

EP.l(5) a. How many different overlays are used in this CSCI?

b. Calculate l/a and enter score. F DN

EP.2(2) Has the storage of all information (e.g., files, code, ar, ays, buffers) been

organized for efficient processing (e.g., minimum search time)? " /-A'h

EP.2(3) Does the source code language(s) enable variable initialization when the

variable is declared?

- . EP.2(6) Does the method(s) for relating similar data items facilitate efficient

processing (e.g., arrays, doubly linked lists, directories)?

ES.l(2) Does the memory management of the CSCI incorporate virtual storage?

ES.I(5) Does the memory management of the CSCI incorporate dynamic reallocation

of physicai memory space during execution (dynamic memory management)? YN

-- ES.I(8) Is the CSCI free from redundant storage of files and libraries (e.g., duplicate

copies are not stored at different nodes in a network; multiple versions of the

same file are not part of the working CSCI)? YNN

FS.2(2) Does the design implementation the CSCI functions in such a way so as to

* facilitate their use in other similar CSCI applications? NN
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FS.2(0) Are all inputs documented as to the specific use and limitations of the data? NY N

FS.2(4) Are all input/output formats specified and documented?

FS.2(5) Are all outputs documented as to the specific use and interpretation of

the data?

FS.30() Can the user choose among computation and output options (e.g., user

selecting type of coordinate system, output media, format)? FN TN/

FS.3(2) Can the resources allocated to functions be modified (during

execution)? NL

ID10.(3) Is the software free from using any non-standard constructs of the

implementation language(s)?

ID.2(l) Are the sarnt "ersion and dialect of the implementation language(s)

supported on other machines?

MO.1(2) Are all top-level CSC's developed according to structured design

techniques? N A

MO.I(9) Does each top-level CSC's have a single processir.g objective (i.e.,

all the processes within the top-level CSC are related to the same

obiective)? N-1 Al

MO.2(2) a. How many interfaces among top-level CSC's?

b. How many top-level CSC interfaces include:

bl. Content coupling EZI,

b2. Common coupling

2-12

A-71



METRIC WORKSHEET 2 CSCI LEVEL

b3. External coupling

C. Calculate l-((bi+b2+b3)((3xa)) and enter score.I N

MO.2(0) a. How many interfaces among tap-level CSC's?N

b. How many top-level CSC interfaces include:

bl. Control coupling E I

V. b2. Stamp coupling

b3. Data coupling

C. Calculate ((bi+Lb2)I(2xa)+b3Ia) and enter score. I J

MO.2(5) What is the average cohesion value of all top-level CSC's in this
CSCI?

List each top-level CSC and its cohesion value below.

TOP-LEVEL CSC COHESION VALUE
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OP.(Ii) Has a description of the operating characteristics of the CSCI been provided

(i.e., the normal and alternate procedures and actions performed by the CSCI)
(e.g., operating characteristics are described in an operator's manual)? N N

OP.l(2) Are all the errors reported to the operator/user as specified in the

requirements?

OP.l(3) Is the capability provided for operator/user response to al reported errors

as specified in the requirements? YTNTN/2Q

V. OP.() Can the operator interrupt system operation, save and enter data, and

continue processing?

OP.I(7) Are the procedures specified for setting up a mission/job and completing

it? IY !N IN/N

OP.1(9) Is a hard copy log provided of all operator interactions with the system/

CSCI? IYININ/

OP.1(1) Are all operator messages and responses simple and consistent (e.g.,

"Disk drive #2 is off-line"; "Enter 'YES' for retry or 'NO' to stop

processing")? NN

OP.(II) Are all access violations reported to the operator in accordance with

the requirements? NN

OP.1(02) Are appropriate responses performed/provided for all access violations
in accordance with the requirements? NN

OP.1(13) Can the operator/, oftware obtain specific system (or network) resour,'e

status information and reallocate resources? YNN

OP.1(14) Can the operator select different nodes for different types of processing

or for retrieval of informationI
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OP.l(15) Can the operator/user manipulate data regardless of the data's location

. .* in the system?

OP.l(16) Are system implementation details transparent to the user '-.g., the user can

access a file without knowing its location in the system/- ark)?

OP.2(4) Can the user review and modify all input data prior to ,-cution? N N

OP.2(5) Are all user-input data terminated by explicitly definef ogical end of

input?F1N

- OP.2(6) Can the user select among options for input media (e.g., terminal,

tape drive, card reader)?

OP.3(i) Can the user control output (e.g., choose specific outputs, output media,

output formats, amount of output)? N

OP.3(2) Do all outputs to the user have unique, descriptive labels for identifyIg

data?

* OP.3(3) Are all outputs to the user provided with user-oriented measurement

units? 3 1

OP.3(6) Do all error messages clearly identify the nature of the error to 'he

/, , user? { Ii

OP.3(7) Can the user select among options for output media? Y IN N

OP.3(8) Is there a standard (common) command language for network information

and data access? YNN

, RE.I() Do communication paths exist to all remaining nodesilinks in the event

of a failure of one node/link? Y N N/
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RE.1(2) Is the integrity of all data values maintained following the occurrence of

anomalous conditions? YNN

RE.I(3) Can ail disconnected nodes rejoin the network after recovery, such that

the processing functions of the system are not interrupted? N N

RE.l(1) Are all critical data in the system (or CSCI) replicated at two or more

distinct nodes, in accordance with specified requirements? Y N N

Si.l() Does the design of the CSCI reflect a structured design approach

(e.g., top-down design)?

SI.l(6) a. How many unique data items are in common blocks? J-- 7

b. Calculate I/a and enter score.

SI.I(7) a. How many unique data items are in common blocks? J TNI_.

b. How many unique common blocks?

C. Calculate b/a and enter score. " I

SI.(9) Has a programming standard been established?

SI.I(10) Do the descriptions of all top-level CSC's identify all interfacing

top-level CSC's and all interfacing hardware? IY N ] N/A

SI.2() Are there requirements to use a structured language or preprocessor to

implement the software? NNA

SI.M(13) Are there requirements for a programming standard? NNA

SS.l(l) Are there controls on user input/output access in accordance with the

specified requirements (e.g., user access is limited by identification

and password checking)? NN/
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SS.I(2) Are there controls on data access in the system (CSCI) in accordance with the

specified requirements (e.g., authorization tables and privacy locks)? Y N N A

SS.l(3) Are there controls on the scope of task operations during executior. in

accordance with the specified requirements (e.g., invoke other tasks, access
system registers, or use privileged commands)? YN

SS.I(4) Are there controls on access to the network in accordance with the specified

requirements? JY 1 N I N/Al

SS.2(l) Is all access to the system recorded and reported in ,,ccordance with the

specified requirements (e.g., terminal and processor linkage, data file access,

and jobs run information)?

SS.2(2) Are all access violations immediately indicated and identified in accordance

with the specified requirements? IY I N I N/AI

ST.3(2) Is I/O isolated from computation in the design? Y N N A

ST.3(5) Does each top-level CSC perform unique operations (i.e., similar

operations are not performed within different top-level CSC's which

could be restricted to single top-level CSC)' Iz'NP NA

ST.3(6) a. In how many top-level CSC's are non-related functions performed (i.e.,

functions which do not contribute to the same overall objective)? F ' N/AI

* b. Calculate /(I a) and enter score.
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List the number of non-related functions performed by each top-level CSC.

TOP-LEVEL CSC NUMBER OF NON-RELATED FUNCTIONS

SY.l(l) Does this system (CSCI) use the same I/O transmission rate as the inter-

operating system(s) in accordance with the specified requirements? Y N N/A

SY.1(2) Does this system (CSCI) use the same communicaton protocol as the inter-

operating system in accordance with the specified requirements?

SY.1(3) Is there a common interoperation of the content in all messages sent from and

received by this system (CSCI) and by the interoperating system(s) (CSCI) in

accordance with the specified requirements (e.g., all variables in the message

have the 'ame meaning)? N NA

SY.l(1) Does this system (CSCI) use the same structure and sequence for message

contents as the interoperating system(s) (CSCI) in accordance with the

specified requirements (e.g., all real variables are 16 bits in length;

all real coordinates are ordered XCOORD, YCOORD, ZCOORD)?

SY.2(1) Does this system (CSCI) use the same data format as the interoperating system(s),

in accordance with the specified requirements (e.g., all characters are repre-

sented in ASCII format)? [INIE ZT-

S Y. 2( Du(2 thi-, byteii (CSCI) use the same data base structure as me interoperating

system(s), in accordance with the specified requirements (e.g., all systems use

a relational data base containing similar information)?

SY.2(3) Does this system (CSCI) provide the same data base access technaques as

the interoperating system(s), in accordance with the specified

requirements? N N/A

II
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* -: SY.4(I) Does this system (CSCI) use the same source code language(s) as the

interoperating system(s), in accordance with the specified

requirements?

- "SY.4(2) Does this system use the same operating system as the interoperating

system(s), in accordance with the specified

- - requirements? NN

SY.4(3) Does this system use the same support software as the interoperating

system(s), in accordance with the specified

requirements?

TC.1() Is there a table(s) tracing all of the top-level CSC allocated requirements

to the parent CSCI specification?

"- VR.!(l) Are the system implementation details transparent to the user (e.g., the

use r can create a file without specifying its location in the system/

network)? [IN I N/A

2ol
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GLOSSARY

Anomalous Condition- An event resulting in a deviation from the normal operating

environment or procedures.

Cohesion Value: The type of relationship that exists amoag the elements of each software

entity (Function, CSCI, Unit). The following are r~laxive values for seven types of

cohesion:

COHESION TYPE VALUE

7) Functional l.0

6) Informational 0.7
5) Communicational 0.5

4) Procedural 0.3

3) Classical 0.1

2) Logical 0.1

I) Coincidental 0.0

The following are descri.ptions of the seven types of cohension.

I) Coincidental

No meaningful relationahips among the elements of an entity.

Difficult to describe the module's function(s).

2) Logical

Entity performs (at each invocation) one of a class of related functions (e.g.,

"edit all data").

Entity performs more than one function.

3) Classical
Entity performs one of a class of functions that are related in time (Program

roeprcedure).

Entity performs more than one function.

4) Procedural

Entity performs more than one function, where the functions are related with

respect to the procedure of the problem (Problem procedure).
5) Communicational

2-20

A-79

4) Prcdua 0.3 ----



METRIC WORKSHEET 2 CSCI LEVEL

GLOSSARY (Co. tinued)

Entity has procedural strength; in addit on, all of the elements "communicate"

with one other (e.g., reference same data oi pass data among themselves).

All functions use the same data.

6) Informational

Entity performs multiple functions where the functions (entry points in the

module) deal with a single data structure.

Physical packaging together of two or more entties having functional strength.

All functions use the same data.

7) Functional

All entity elements are related to the performance of a single function.

Command Language: The set of instructions used to invoke specific operations in a

computer software subsystem/program.

Communication Channel: The pathways along which data/me ssages are communicated to

the various system ccmponents or nodes (i.e., other omputer, data storage units,

special processors, etc.).

Couplin: The type of relationship that exists between two so. tware entities (Functions,

*CSCIs, Units). In achieving a highly modular design it is ssential to

minimize the relationships among software entities. The goal is to design software

entities with low coupling. The scae of coupling from wo-st to best is: (1) Content

Coupling, 2) Common Coupling, 3) External Coupling, 4) C ontrol Coupling, 3) Stamp

Coupling, and 6) Data Coupling.

1) Content Coupling - One software entity references the co itents of another software

entity.

2) Common Coupling - Software entities reference a shared lobal data structure.

3) External Coupling - Software entities reference the iame externally declared

symbol.

4) Control Coupling - One software entity pas-ies control elements as arguments to

another software entity.
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GLOSSARY (Continued)

5) Stamp Coupling - Two software entities reference the same data structure, which is

not global.

6) Data Coupling - One software entity calls another and the software entities are not

Coupled as defined above (in I through 5).

Data Element: A specific entity of data (e.g., variable, constant, coefficient, etc.).

Data Item: A specific entity of data (e.g., variable, constant, coefficient, etc.).

Data Reference: A specific entity of data (e.g., variable, constant, coefficient, etc.).

Database Management Scheme: The methods and commands used to access or operate the

database management software system.

Design Representation: A formal statement of the details or organization of a design

using one of a number of design representation methodologies, such as, Flow Charts,

HIPO Charts, PDL, etc.

I/O Channel: The pathways along which data/messages are communicated to the various

user-oriented peripherals in the system (e.g., CRT, Printer).

Mission-Critical Function: A feature essential to fulfilling the desired objectives

of the system.

,Network: A system of computers, terminals, and data bases that are linked/

interconnected with the use of communication lines.

Node: The points at which subsidiary parts originate or connect to a system containing

interconnected system parts or devices.
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GLOSSARY (Continued)

Virtual Storage: The storage space that may be regarded as addressible main storage by

the user of a computer system in which virtual addresses are mapped into reala addresses. The size of virtual storage is limited by the addressing scheme of the

computer system and by the amount of auxiliary storage available, and not by the

actual number of main storage locations.

-- , .2-23
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WORKSHEET PREPARATION INSTRUCTIONS

SECTION A - GENERAL INFORMATION

1. Enter the name and contract number of the project.

2. Enter the date the worksheet is prepared (month, day, year).

3. Enter the name of the person responsible for completing the worksheet.

4. Enter the name of the entity to which the worksheet is applied.

5. Enter the number and name of all documentation which is used as source

material for answering the metric questions in Section B.

6. Enter comments reflecting the inspector's observations on product quality and

any additional information regarding specific metric questions. Attach

additional sheets, as necessary.

SECTION B - METRIC QUESTIONS

Answer all applicable metric questions by circling the appropriate answer (Y = yes,

N = no, N/A = not applicable) or by entering the appropriate value. A glossary of

terms is provided at the end of this section.

3A-I
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SECTION A - GENERAL INFORMATION

1. PROJECT

2. DATE

3. INSPECTOR

4. PRODUCT

5. SOURCE DOCUMENTATION:

* "* "6. INSPECTOR COMMENTS:
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SECTION B - METRIC QUESTIONS

AM.I(3) a. How many applicable units (answer of Y or N on 3B)?

b. How many units with answer of Y (see 3B)?

c. Calculate b/a and enter score.

AM.2(2) Are values of all applicable external inputs with range specifications checked

with respect to specified range prior to use?

AM.2(3) Are all applicable external inputs checked with respect to specified conflicting

requests pior to use?

AM.2() Are all applicable external inputs checked with respect to specified illegal

combinations prior to use? NNi

AM.2(5) Are all applicable external inputs checked for reasonableness before proceqsing

begins? 'NN

AM.2(6) Are all detected errors, with respect to applicable external inputs, reported

before processing begins? YNNA

AM.2(7) a. How many applicable units (answers of Y or N on 3B)

b. How ma. y units with answer of Y (see 313)I I ""

c. Calculate b/a and enter score. I.. I

AM.3(2) Are all critical loop and multiple transfer index paramters (e.g., supporting

a mission-critical function) checked for out-of-range values before use? YWVFTN71-

AM.3(3) Are all critical subscripts (e.g., supporting a mission-critical function)

checked for out-of-range values before use?

3A-3
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AM.3(4) Are all'critical output data (e.g., supporting a mission-critical function)

checked for reasonable values prior to final outputting?

AP.I(i) a. How many applicable units (answer of Y or N on 38)?

b. How many units with answer of Y (see 3B)?

- c. Calculate b/a and enter score.

" AP.2(1) a. How many applicable units (score entered on 3B)?

b. What is total score for all applicable units (add applicable unit

scores from 3B)?

C. Calculate b/a and enter score.

AP.2(2) a. How many applicable units (answer of Y or N on 3B)?

b. How many units with answer of Y (see 3B)? I

. •, c. Calculate b/a and enter score. I 7

* AP.2(3) a. How many applicable units (answer of Y or N on 3B)?

b. How many units with answer of Y (see 3B)?

c. Calculate b/a and enter score. F- 74

AP.2(4) a. How many applicable units (answer of Y or N on 3B)? F TN/A

b. How many units with answer of Y (see 3B)?

C. Calculate b/a and enter sc.ore.
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AP.3(l) a. How many applicable units (answer of Y or N on 3B)?

b. How many units with answer of Y (see 3B)?

C. Calculate b/a and enter score.

AP.4(l) a. H,, .nany applicable units (answer of Y or N on 3B)?

b. How many units with answer of Y (see 31)?

C. Calculate b/a and enter score. =N 72

AT.ll) a. How many applicable units (answer of Y or N on 3B)? =-ND

b. How many units with answer of Y "see 3B)? F I N7N

c. Ca-culate b/a and ente: score. [ i

AT.I(2) a. What is the total memory space allocated?

b. What is the estimated memory space used (total less spare)?

C. Calculate l-(b/a) and enter score. [Zii-Tr

AT.l(3) a. What is the total auxiliary storage spo-e allocated?

b. What is the estimated auxiliary storage space used (total less

spare)? NI

c. Calculate l-(b ) and enter score.

AT.2(!) a. How many applicable units (answer of Y or N on 3B)? N

b. nom, ,;tny units with answer of Y (see 3B)?

C. Calculate b/a and enter score. ["'M
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AT.2(2) a. How many applicable ,inits (answer of Y or N on 3B)?

b. How many units with answer of Y (see 3B)' N

c. Calculate b/a and enter score.

AT.2(3) a. What is the total processing time allocated?

b. What is the estimated processing time used (total less spare)? [ N

S"C. Calculate l-(b/a) and enter score.

AT.3(0) a. What is the total 1/O channel time allocated? F NT3

b. What is the estimated I/u channel time used (total less spare)?

c. Calculate 1-(b/a) and enter score. N

Note, for more than one I/O channel, list answers to a., b., and c.

below and enter average of answers in boxes above.

I/O CHANNEL a. b. c.

* "3A-6
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AT.3(2) a. What is the total communication channel time allocated?

b. What is the estimated communication channel time used (total
less spare)?

c. Calculate l-(b/a) and enter score.

Note, for more than one communication channel, list answers to ,,-,

b., and c. below and enter average of answers in boxes above.

COMMUNICATION

CHANNEL a. b. c. %

AU.l(2) a. How many estimated lines of source code, excluding comments?

b. How many estimated lines of source code necessary to handle

hardware and device interface protocol?

c. Calculate l-(b/a) and enter score. 4 NA

AU.I(3) a. How many units'/

b. How many units perform processing of hardware and/or device

interface protocol?

c. Calculate l-(b/a) and enter score.

AU.l(4) a. How much estimated processing time is typically spent exe-

cuting the entire CSCI?

?41
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b. How much estimated processing time is typically spent exe-

cuting the hardware and device interface protocol units?

c. Calculate 1-(b/a) and enter score.

CL.i(7) a. How many units receive inputs from other systems?

b. Calculate I/a and enter score.

CL.A(8) a. How many units transmit outputs to other -ystems?

b. Calculate I/a and enter score. I NT

CL.2(l) Do all data representations and translations comply with the established

standard?

CL.2(2) a. How many units perform data translations? I N/

b. Calculate I/a and enter score. L JN7/

CP.(1) a. How many applicablt units (answer of Y or N on 3B)?

b. How many units with answer of Y (see 3B)?

C. Calculate b/a and enter score. NI

CP.1(2) a. How many applicable units (score entered on 3B)?

b. What is total score for all applicable units (add applicable

,|nit scores from 3B)?

c. Calculate b/a and enter score.
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CP.1(3) a. How man'/ data items are defined (i.e., documented with regard

to source, meaning, and format)? F 'N

b. How many defined data items are referenced? I N

c. Calculate b/a and enter score. N

CP.(4) a. How many applicable units (score entered on 3B)?

b. What is total score for all applicable units (add applicable

unit scores from 3B)?

c. Calculate b/a and enter score.

CP.i(9) a. How many applicable units (answer of Y or N on 3B;.

b. How many units with answer of Y (see 3B)? IZ N/

c. Calculate b/a and enter score.

CP.(10) a. How many applicable units (answer of Y or N on 3B)? D -,q

b. How many units with answer of Y (see 3B)

c. Calculate b/a and enter score.

CP.1(I I) a. How many software problem reports have been rccorded, to

date? E

b. How many recorded software problem reports have been closed

(resolved), to date?

4L
C. Calculate b/a and enter score.
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CS.I(I) a. How many applicable units (answer of Y or N on 3B)?

b. How many units with answer of Y (see 3B)?

c. Calculate b/a and enter score.

CS.1(2) a. How many applicable units (answer of Y or N on 3B)? FJiRZA

b. How many units with answer of Y (see 3B)? N

c. Calculate b/a and enter score. N

CS.1(3) a. How many applicable units (answer of Y or N on 3B)?

b. How many units with answer of Y (see 3B)?

c. Calculate b/a and enter score. EZN

CS. (M a. How many applicable units (answer of Y or N on 3B)? N

b. How many units with answer cf Y (see 3B)?

c. Calculate b/a and enter score. I J N/

CS.1(5) a. How many applicable units (answer of Y or N on jB)?7"

b. How many units with answer of Y (see 3B)?

c. Calculate b/a and enter score.

CS.2(l) a. How many applicable units (answer of Y or N on 3B)? -

b. How many units with answer of Y (see 3B)? N/ .

C. Calf ate b/a and ents.r score.
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CS.2(2) a. How many applicable units (answer of Y or N on 3B)?

b. How many units with answer of Y (see 3B)? I IN/j

c. Calculate b/a and enter score.

CS.2(3) a. How many applicable units (answer of Y or N on 3B)?

b. How many units with answer of Y (see 3B)?

c. Calculate b/a and enter score. I 7N

CS.2(6) a. How many applicable units (answer of Y or N on 3B)?

b. How many units with answer of Y (see 3B)?

c. Calculate b/a and enter score.

DI.(l) Are graphic portrayals (e.g., figures, diagrams, tables) provided which identify

the decomposition of all top-level CSC's to all lower-level CSC's and/or units? YN N

DO.1(l) Are current versions of all software documentation related to the project free

from access control (i.e., any member of the current project or other projects

may access a copy of any document)?

DO.?(1) Is al the documentation structured and wyritten clearly and simply such that

procedures, functions, algorithms, etc. can be easily understood? I NE

DO.2(2) Does the requirements/design documentation clearly depict control and data flow

(e.g., graphic portrayal with accompanying explanations or PDL)? Y N N

DO.2(G) Does all documentation contain an indexing scheme which facilitates quickly

locating and accessing various information in the document (e.g., hierarchical

structured table of contents, inserted tabs)? YNN
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S DO.2(4) Do the software specifications and design and tf st documentation have separate
-"•volumes or separations within a single volume based on system functiuns,

A software functions, or software elements? 1Y IN IN/R

SDO.2(7) Does the documentation contain comprehensive descriptions of all algorithms

used and their limitations, including inputs, outputs, and required

precision? 1Y IN I N/N

EP.l(2) a. How many applicable units (score entered on 38)?

b. What is total score for all applicable units (add applicable

unit scores from 3B)?

c. Calculate b/a and enter score. N

EP.1(3) Have software units which are required to be optim;ted for processing

efficiency been identified? 1 N AI

EP.l(4) a. How many applicable units (score entered on 38)?

b. What is total score for all applicable units (add appilcable

* unit scores from 3B)?

V c. Calculate b/a and enter score. I N/A

EP.l(5) a. How many different overlays are used in this CSCI?

b. Calculate I/a and enter score.

EP.l(6) a. How many applicable units (score entered on 38)?

b. What is total score for all applicable units (add applicable

unit scores from 3B)?

* 3A-12
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c. Calculate b/a and enter score. F IN

EP.2(2) Has the storage of all information (e.g., files, code, arrays,

buffers) been organized for effic.ent processing (e.g., minimum

search time)? N NA

EP.2(4) a. How many applicable units (score entered on 3B)? [ jN

b. What is total score for all applicable units (add applicable

unit scores from 3B)?

c. Calculate b/a and enter score. IiN

EP.2(5) a. How many applicable units (score entered on 3B)?

b. What is total score for all applicable units (add applicable

unit scores from 3B)? J IIH

c. Calculate b/a and enter score. F N/

EP.2(6) Does the method(s) for relating similar data items facilitate efficient

processing (e.g., arrays, doubly linked lists, directories)? N N A

EP.2(7) a. How many applicable units (score entered on 3B)?

b. What is total score for all applicable units (add aoplicable

unit scores from 3B)?

C. Calculate b/a and enter score.

ES. () a. How many g!obal variables? N

b. How many global variables are referenced by more than one

name?
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. ." c. Calculate l-(b/a) and enter score. N

ES.l() Does the separation of the CSCI into segments (i.e., load modules)
efficiently utilize the segmented memory space available (e.g., minimizing
the largest CSCI segment length to minimize the memory segment size

required for module execution)? Y N NA

ES.I(6) a. How many applicable units (answer Y or N on 33P

.......... -- t ... h antwer of Y (see 3B)? I _. ?

c. Calcutate b/a and enter score.

ES.l( ) Is the CSCI free from redundant storage of files and libraries (e.g., duplicate

S" copies are not stored at different nodes in a network; multipic Vrsions of the

same file are not part of the working CSCI)? IY N IN/A

FS.1(1) a. How many applicable units (score entered on 3B)? N

b. What is total score for all applicable units (add applicable

unit scores from 3B)?

C. Calculate b/a and enter score.

GE.l(I) a. How many units in total?

b. How many units are called by more than one other unit?
t

c. Calculate b/a and enter score.

GE.2(I) a. How many units in this OSCI? NI
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A

b. In how many units are the following processing categories mixed:

external input, external output, algorithmic processing? IiI

c. Calculate l-(b/a) and enter score. I JNR

GE.2(2) a. How many applicable units (answer of Y or N on 3B)?

b. How many units with answer of Y (see 3B)?

C c. Calculate b/a and enter score. [ N/A

GE.2(3) a. How many applicable units (answer of Y or N on 3B)?

b. How many units with answer of Y (see 3B)?

c. Calculate b/a and enter score.

GE.2(4) a. How many applicable units (answer of Y or N on 3B)? E L
b. How many units with answer of Y (see 3B)? I N?

C. Calculate b/a and enter score.

ID.I(I) a. How many applicable units (score entered on 3B)?

b. What i totdi score ior ail applicable units (add applicable

unit scores from 3B)? N N

c. Calculate b/a and enter score.

IDl(3) a. How many applicable units (answer of Y or N on 3B)?

b. How many units with answer of Y (see 3B)?
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C. Calculate b/a and enter score.

ID.2(2) a. How many units in the CSCI?

b. How many units in the CSCI perform external input/output?

C. Calculate l-(b/a) and enter score.

ID.2(3) a. How many units in the CSCI? I N

b. How many units in the CSCI contain operations dependent on

word or character size?

c. Calculate t-(b/a) and enter score.

ID.2(4) a. How many units in the CSCI?

b. How many units in the CSCI contain data element representations

that are machine dependent?

c. Calculate l-(b/a) and enter score. I

MO.l(2) Are all CSC's developed according to structured design techniques? N N A

MO.l(3) a. How many applicable units (answer of Y or N on 3B)? F77N

b. How many units with answer of Y (see 3B)? I"

c. Calculate b/a and enter score.

MO. () a. How many applicable units (score entered on 3B)? F77NT

b. What is total score for all applicable units (add applicable

unit scores from 3B)?
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c. Calculate b/a and enter score.

MO.I(5) a. How many applicable units (answer of Y or N on 3B)? I I /

b. How many units with answer c- Y (see 311)? E IN/

c. Calculate b/a and enter score. J jN

MO.l(6) a. How many applicable units (answer of Y or N on 3B)? IZ I'N!/

b. How many units with answer of Y (see 3B)? I I N/

C. Calculate b/a and enter score.

MO.I(7) a. How many applicable units (answer of Y or N on 38)? N

b. How many units with answer of Y (sec 3B)?

C. Calculate b/a and enter score.

MO.1(8) a. How many applicable units (answer of Y or N on 3B)?

b. How many units with answer of Y (see 3B)?

c. Calculate b/a and enter score. E [N//

MO.l(9) a. How many applicable units (answer of Y or N on 3B)?

b. How many units with answer of Y (see 3B)?

c. Calculate b/a and enter score. F =N

MO.2(2) a. How many interfaces among software units?
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b. How many unit interfaces include:

bl. Content coupling

b2. Common coupling

b3. External coupling

C. Calculate I-((bl+b2+b3)/(3xa)) and enter score. L _IN/,b

MO.2(3) a. How many interfaces among software units?

b. How many unit interfaces include:

bl. Control coupling ! ...... "

b2. Stamp coupling [__LJm

b3. Data coupling =N

c. Calculate ((bl+b2)/(2xa)+b3fa) and ecnter score.

MO.2(5) a. How many applicable .nits (scj-t- entered on 3B)? N

b. What is total score for all s,iirable units (add applicable

unit scores from 3B)?

C. Calculate b/a and enter ;fwre. I A

A .&I"ll-.Pclfcd eltu (-Ultdilj:, ,c po. tud tv tl opr~itts /usl sbuch that

the nature of the error and any response required by the operator/user are

clearly identified and described in Oie error message? FYH[K7A
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OP.l(3) Is the capability providej for operator/user response to all reported

errors as specified irt the requirements? Y = 7NJAJ

OP.i(10) a. How many total operator messages and responses are provided? [ 7N7A

~i b. How many different format types are used for operator messages and

responses?

c. Calculate I-(b/a) and enter score.

SD.3(5) a. How many applicable units (answer of Y or N on 3B)?

b. How many units with answer of Y (see 38)?

c. Calculate b/a and enter score.

5.I() Does the design of the CSCI reflect a structured design approach (e.g.,

top-down design)? Y N N/A

S.I(2) a. How many applicable units (answer of Y or N on 313)? [ N

b. How many units with answer of Y (see 3B)?

C. Calculate b/a and enter score.

SI.i(3) a. How many applicabie units (answer of Y or N on 3B)?

b. How many units with answer of Y (see 3B)? I jN/A

c. Calculate b/a and enter score.

SI.l(4) a. How many applicable units (answer of Y or N on 3B)?

b. How many units with answer of Y (see 31)?
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c. Calculate b/a and enter score.

SL.l15) a. How many applicable units (score entered on 3B)?

b. What is total score for all applicable units (add applicable

unit scores from 3B)?

c. Calculate b/a and enter score.

SLI(6) a. How many unique data items are in common blocks?

b. Calculate I/a and enter score.

SI.(7) a. How many unique data items are in common blocks?

b. How many unique common blocks?

c. Calculate b/a and enter score,

SI.(100) Do the descriptions of all units identify all interfacing

units and all interfacing hardware?

SI.3(1) a. How many applicable units (score entered on 3B)? [ - N/

b. What is total score for all applicable units (add applicable

unit sccres from 3B)?

c. Calculate b/a and enter score. 1 Z

SI.4(l) a. How many applicable units (answer of Y or N on 38)?

b. How many units with answer of Y (see 3B)? C""-

c. Calculate b/a and enter score.
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SI.4(2) a. How many applicable units (score entered on 3B)?

b. What is total score for all applicable un its (add applicable

unit scores from 3B)?

c. Calculate b/a and enter score.

51.(3) a. How many applicable units (score entered on 3B)?

b. What is total score for all applicable units (add applicable

unit scores from 3B)?

c. Calculate b/a and enter score. F N

SI.4(4) a. How many applicable units (score entered on 3B)?

b. What is total score for all applicable units (add applicable

unit scores from 3B)?

c. Calculate b/a and enter score. N

S.4(5) a. How many applicable units (answer of Y or N on 31)? J' JN-Tq

b. How many units with answer of Y (see 3B)?

C. Calculate b/a and enter score. 7 =.N

51.4(04) Is repeated and redundant code avoided (e.g., through utilizing

macros, procedures, and functions)? Y' NA

Sl.(l) a. How many applicable units (score entered on 3B)?
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b. What is total score for all applicable units (add applicable

unit scores from 38)3

C. Calculate b/a and enter score.

SI.5(2) a. How many applicable units (score entered Qn 3B)?

b. What is total score for all applicable units (add applicable

unit scores from 3B)?

C. Calculate b/a and enter bcore. ' N/

SI.5(3) a. How many applicable units (answer of Y or N on 3B)?

b. How many units with answer of Y (see 38)? N

C. Calculate b/a and enter score.

SI.6() a. How many applicable units (answer of Y or N on 3B)? NI

b. How many units with answer of Y (see 3B)? E.. N

c. Calculate b/a and enter score. NI

ST.l(l) a. How many applicable units (score entered on 3B)?

b. What is total score for all applicable units (add applicable

unit scores from 3B)?

C. Calculate b/a and enter score.

ST.1(2) a. How many applicable units (score entered on 3B)? E N/
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b. Whv. is total score for all applicable units (add applicable

unit scores from 3B)? IZ N/

c. Calculate b/a and enter score

ST.l(3) a. How many applicable units (score entered on 3B)?

b. What is total score for all applicable units (add applicable
unit scores from 3B)?

c. Calculate b/a and enter score.

ST.l1(4) a. How many applicable units (score entered on 3B)?

b. What is total score for all applicable units (add applicable

unit scores from 3B)? I

c. Calculate b/a and enter score. N/

ST.1(5) a. How many applicable units (answer of Y or N on 3B)?

b. How many units with answer of Y (see 3B)?

C. Calculate b/a and enter score. I

ST.1(6) a. How many units in this CSCI? NI

b. How many units modify the internal code or data of other

units?

c. Calculate I-(b/a) and enter score.

ST.2(l) a. How many applicable units (score entered on 3B)? N
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b. What is total score for all applicable units (add applicable

unit scores from 3B)?

c. Calculate b/a and enter score. I N/.-

ST.2(2) a. How many applicable units (score entered on 3B)? N

b. What is total score for all applicable 'units (add applicable

unit scores from 3B)?

c. Calculate b/a and enter score. 1--N7

ST.2(3) a. How many applicable units (score entered on 3B)?

b. What is total score for all applicable units (add applicable

unit scores from 3B)? N

c. Calculate b/a and enter score. I E 7A

ST.2(4) a. How many applicable units (score entered on 3B)7

b. What is total score for all applicable units (add applicable

unit scores from 3B)?

c. Calculate b/a and enter score. NI

ST.3(2) Is I/O isolated from computation in the design? Y N N A

ST.3t3) a. How many applicable units (answer of Y or N on 3B)?

b. How many units with answer of Y (see 3B)? -

A c. Calculate b/a and enter score. N
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ST.3(4) a. How many units mix the management of primary and secondary storage

resources with the management of data within the storage areas (e.g.,

executive unit that allocates storage for a process and controls wnat

data can be accessed during process execution)? F---i"-

b. Calculate 1/(/-a) and enter score.

ST.(l) a. How many appicable units (score entered on 3B)? N

b. What is total score for all applicable units (add applicable

unit scores from 3B)?

c. Calculate b/a and enter score.

ST.4(2) a. How many applicable units (score entered on 3B)? NI

b. What is total score for all applicable units (add applicable

unit scores from 3B)?

c. Calculate b/a and enter score.

ST.40(3) a. How many global data items are used in the CSCI?

b. How many global data items are modified by one

unit and referenced by other units? _ A

c. Calculate b/a and enter score. NA

ST.4(4) a. How many applicable units (answer of Y or N on 3B)? " I

b. How many units with answer of Y (see 3B)'

c. Calculate b/a and enter score. _ I.
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ST.A(5) a. How many applicable units (answer of Y or N on 3B)? N

b. How many units with answer of Y (see 3B)? 7

c. Calculate b/a and enter score.

ST.5(1) a. How many applicable units (answer of Y or IN on 313)?

b. How many units with answer of Y (see 313)?

C. Calculate b/a and enter score.

ST.5(2) a. How many applicable units (answer of Y or N on 3B)? N

b. How many units with answer of Y (see 3B)? J N!R

c. Calculate b/a and enter score. N/7q

ST.5(2) a. How many applicable units (answer of Y or N on 31)?

b. How many units with answer of Y (see 3B)? N/

c. Calculate b/a and enter score.

S ST.5(4) a. How many applicable units (answer of Y or N on 3B)? FT.NL

* b. How many units with answer of Y (see 3B)?

c. Calculate b/a and enter score.

TC.l(l) Does the description of each software unit identify all the specified

*0 requirements (at the top-level CSC or CSCI level) that the unit helps

sat.,sfy' YNINN
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TC.1(2) Is the decomposition of all top-level CSC's into lower-level CSC's and

software units graphically depicted? t N

TN.() Are there lesson plans and training materials for operators, and users,

and maintainers of the system (CSCI)?

TN.L(2) Are realistic simulation exercises provided for the system (CSCI)?

TN.l(3) Are "help" information and diagnostic information provided for the operator,

end user, and maintainer of the system (CSCI) (e.g., an on-line list of legal _

-mmands or a list of the sequential steps in a process are provided)? Y N

TN.I(4) Can system (CSCI) users select a level of aid and guidance according to their

degree of expertise? YNN

VS.I(L) a. How many applicable units (score entered on 3B)?

b. What is total score for all applicable units (add applicable

unit scores from 3B)?

c. Calculate b/a and enter score.

VS.(2) a. How many applicable units (score entere% on 3B)?

b. "-.hat is total scurc fui ail appiicabie units (ado appLicale

unit scores from 3B)?

c. Calculate b/a and enter score. N/

VS.2(l) a. How many total mnterfaces are there between units in the CSCI? INIP

b. How many unit interfaces are (to be) tested? N

C. Calculate b/a and entcc score. =72772'I!
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VS.3(1) Are all speciicd performance requirements (to be) tested?YNN

VS.3(2) Are all units of this CSCI (to be) exercised during CSCI testing?YNN

VS.3(3) Is there (to be) a summary table listing all test inputs and test

outputs for the CSCI?Y N

E4%
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GLOSSARY

Argument List: A list of data elements that specify the input and output parameters

used during execution of a software unit.

Cohesion Value: The type of relationship that exists among the elements of each software

entity (Function, CSCI, Unit). The following are relative values for seven types of

cohesion.

COHESION TYPE VALUE

7) Functional 1.0

6) Informational 0.7

5) Communicational 0.5
4) Procedural 0.3

3) Classical 0.1

2) Logical 0.1

I) Coinc:dental 0.0

The following are descriptions of the seven types of cohension.

I) Coincidental

No meaningful re!ationships among the elements of an entity.

Difficult to describe the module's function(s).

2) Logical

Entity performs (at each i ,vocation) one of a cla-s of ro-lated functior's (e.g.,

"edit all data").

Entity performs more than one function.

3) Classical

Entity performs one of a class of functions that are related in time (Program

procedure).

Entity performs more than one function.

4) Procedural

Entity performs more than one function, where the functions are related with

respect to the procedure of the problem (Problem procedure).
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GLOSSARY (continued)

5) Communicational

Entity has proced,!ral strength; in addition, all of the elements "communicate"

with one another (e.g., reference samd data or pass data among themselves).

- All functions use the same data.

6) Informational

. Entity performs multiple functions where the functions (entry points in the

entity) deal with a single data structure.

, Physical packaging together of two or more entities having functional strength.
All functions use the same data.

7) Func-ional

All entity elements are related to the performance of a single function.

Communication Channel: The pathways along which data/messages are communicated to

the various system components or nodes (i.e., other computer, data storage units,

special processors, etc.).

Control Elements: Any data items that select an operating mode or submode in the

software unit, direct the sequential flow, or otherwise directly influence the

function of the unit.

U:.
Control Variables: Any data items that ;elect an operating mode or submode in the

, .. e ..unit, .. th.-c qucit I 1' .. or othcrwisc direct,' " ,,uc,,e the

- function of the unit.

Coupling: The type of relationship that exists between two software entities (Functions,

CSCIs, Units). In achieving a highly modular design it is essential to
minimize the relationships among software entities. The goal is to design software

* entities with low coupling. The scae of coupling from worst to best is: (I) Content

*. Coupling, 2) Common Coupling, 3) External Coupling, ) Control Coupling, 5) Stamp

- Coupling, and 6) Data Coupling.
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GLOSSARY (continued)

1) Content Coupling - One software entity references the contents of another soft Vare

entity.

2) Common Coupling Software entities reference a shared global data structure.

' 3) External Coupling - Software entities reference the same externally declared

symbol.

4) Control Coupling - One software entity passes control elements as arguments to
another software entity.

s) Stamp Coupling - Two software entities reference the same data structure, which is

not global.

6) Data Coupling - One software entity calls another and the software entities are not

coupled as defined above (in I through 5).

Data Element: A specific entity of data (e.g., variable, constant, coefficient, etc.).

Data Item: A specific entity of daca (e.g., variable, constant, coefficient, etc.).

1. Data Reference: A specific entity of data (e.g., varianie, constant, coefficient, ccc.).

Database Management Scheme: The methods and :ommands used to access or operate the
database management software system.

Design Representation: A formal statement of the uetails or organization of a design
using one of a number of design representation methodologies, such as, Flow Charts,

HIPO Charts, PDL, etc.

Halstead's Level of Difficulty: The metric is based on Halstead's concept of the level of
difficulty. A program %ith a high value of difficulty is likey to be more difficult to
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GLOSSARY (continued)

construct and this may lead to more errors. The level of difficulty is a measure of

"error-proneness". Programming difficulty increases if additional operators are

introduced and if an operand is used repetitively.

/!0 Channel: The pathways along which data/messages are commur'A! ed to the various

user-oriented peripherals in the system (CRT, Printer).

Lines of Code: The number of lines of source code, excluding comment lines and blank

lines.

Microcode Instructions: A low-level computer instruction specifying a single machine

* operation.

Multiple Transfer Index Parameter: A value used to select a variation in the order of

code execution (i.e., case statement, program switch, etc.).

Range-Test: A test performed to validate the object of interest over the complete

spectrum of applicable values.

I!! .Subscript Value: A value used to reference an entity from a group of related objects

(i.e., table index, array index, etc.).

r
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WORKSHEET PREPARATION INSTRUCTIONS

SECTION A - GENERAL INFORMATION

1. Enter the name and contract number of the project.

2. Enter the date the worksheet is prepared (month, day, year).

3. Enter the name of the person responsible for completing the worksheet.

4. Enter the name of the entity to which the worksheet is applied.

5. Enter the number and name of all documentation which is used as source

material for answering the metric questions in Secticn B.

6. Enter comments reflecting the inspector's observations on product quality and

any additional information regarding specific metric questions. Attach

additional sheets, as necessary.

SECTION B - METRIC QUESTIONS
Answer all applicable metric questions by circling the appropriate answer (Y = yes,

N = no, N/A = not applicable) or by entering the appropriate value. A glossary of

terms is provided at the end of this section.
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SECTION A - GENERAL INFORMATION

I PROJECT

O 2. DATE

3. INSPECTOR

4. PRODUCT

5. SOURCE DOCUMENTATION:

6. INSPECTOR COMMENTS:

') l
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SECTION B - METRIC QUESTIONS

AM.l(3) d. When an error condition is detected, is resolution of the error determined

by the calling unit? - IN/"

AM.2(7) d. Is a check performed before processing begins to determine that all data

is available?

AP.l(1) d. Is this unit free from specific references to the data base management scheme

(e.g., all data calls for data base information are processed through

an executive)? T ,N/

AP.2U) d. How many parameters in the argument list for the unit? I

e. How many global variables are referenced by the unit? N/

f. Calculate d/(d+e) and enter score.

AP.2(2) d. Do the comments for global data explain where the data is derived, the

data's composition, and how the data is used? N N/A

AP.2(3) d. Is the logical processing free from specific data storage and retrieval

references (e.g., data symbolically defined and refarenced)? R N /A

AP.2(" d. Do the comments for a!! parameter input andoutput and local variables

explain the composition and use of each data item? Y N N/A

AP.3(I) d. !s the unit free from specific references to the computer

architecture'

AP.4(l) d. Is the unit kree from microcode instruction statements?

AT.i1) d. Are all variable dimensions and sizes of dynamic arrays defined parametri-

cally' (Note that this question must be answered N rather than N/A where

the language does not provide for parametric definition.) Y'N I
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. AT.2(I) d. Are all accuracy, convergence, timing attributes, and timing limitations

defined parametrically? NN

AT.2(2) d. Are tables used in a manner which would ease the task of changing or

expanding capability? NN

CP.I(l) d. Are all inputs, processing, and outputs clearly and precisely defined? N N

CP.I(2) d. How many data references dre ientified?

e. How many identified data references are documented with

regard to source, meaning, and format?

f. Calculate e/d and enter score. N

CP.l(4) d. How many data references are identified? IN/A[

e. How many identified data references are computed or obtained

from an external source (e.g., referencing global data with

preassigned values, input parameters with preassigned values)? N/;

f. Calculate e/d and enter score. [ TN(T

CP.I(9) d. Are all conditions and alternative processing options defined for

each decision point? N N A

CP.I(10) d. Are all parameters in the argument list used?

CS.I(I) d. Are all design representations in the formats of the established standard? N N A

-.-S.1(2) d. Does the calling sequence protocol (between units) comply with estab-

lished standard? N NA

CS.l(1) d. Does the [/0 protocol and format comply with the established

standard? N , NINA
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CS.l(4) d. Does the handling of errors comply with the established standard? Y N N A

CS.1(5) d. Do all references to this unit use the same, unique name?

CS.2(l) d. Does all data representation comply with the established standard? .. NNA

CS.2(2) d. Does the naming of all data comply with the established standard? [Y IN IN/A

CS.2(3) d. i6 the definition and use of all global variables in accordance with

the established standard?

CS.2(6) d. Do all references to the same data use a single, unique name? JY IN IN/JA

EP.1(2) d. How many loops in this unit (while, repeat until, and iteration

loops)? [

e. How many loops contain non-loop dependent statements (e.g.,

initializing a non-loop dependent variable)? jjjREA-1

f. Calculate l-(e/d) and enter score. I NAN

EP.l(4) d. How many instances of two or more operations in an expression

(i.e., compound expression)?

e. How many compound expressions are recalculated needlessly (all

variables in the expression have not been reassigned values)? NI

f. Calculate l-(e/d) and enter score.

EP.l(6) d. How many instances of bit/byte packing/unpacking are

performed? F I N//

e. How many instances of bit/byte packing/unpacking are performed

needlessly within a loop (could be performed outside the loop)? ILN/

3B-5

A-119



:.

Ii I

METRIC WORKSHEET 3B UNIT LEVEL

f. Calculate l-(old) and enter score. E"

EP.2(4 d. How many arithmetic expressions?

e. How many arithmetic expressions with different sized components

in the same expression (e.g., byte/word/doublz word)?

;:-. ': . f. Calculate l-(e/d) and enter score. E . 1

0 9EP.2() d. How many arithmetic expressions?

e. How many arithmetic expressions with mixed data types in the

same expression (e.g., integer/real/boolean/literal)?

f. Calculate I-(e/d) and enter score. NI

EP.2(7) d. How many data items (e.g., arrays, constants, variables)?

e. How many data items are modified?

f. Calculate l-(e/d) and enter score. NI

ES.I(6) d. Are there any data packing operations? NN/

FS.l(l) d. Does this unit perform a single function? W NIJ/ A

GE.2(2) d. Is this unit free from machine-dependent operations? FYN NMA

9. . GE.2(3) d. Is this unit free from strict limitations on the volume of data items

it processes (e.g., data volume limits are parameterized)? L.S.:-:

GE.2(4) d. Is this unit free from strict bmitations on the values of input data

r (e.g., no error tolerances are spec fied; no range tests or

reasonableness checks are performed)
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ID() d. How many estimated lines of code, excluding comments?

e. How many references to system library routines, utilities, or

other system-provided facilities?

f. Calculate l-(e/d) and enter score.

ID.l(3) d. Is the software free from using any non-standard constructs of the

implementation language(s)?

MO.1(3) d. Are the estimated lines of source code for this unit 100 lines or

less, excluding comments? N NA

MO.l(1) d. How many parameters are there in the calling sequence?

e. How many calling sequence parameters are control variables (e.g.,

select an operating mode or submode, direct the sequential flow,

directly influence the function of the software)? I

f. Calculate e/d and enter score. NI

MO.1(5) d. Is all input data passed into the unit through calling sequence

parameters (i.e., no data is input through global areas or input

statements)N

MO.i(6) a. Is output data passed back to the calling unit (e.g., through calling

sequence parameters or g!obal areas)?

MO.L(7) d. Is control always returned to the calling unit when execution is

completed? N NA

MO.() d. Is temporary storage (i.e., workspace reserved for intermediate or partial

results used only by this unit during execution (i.e., is not shared with

other units)" M '
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MO.1(9) d. Does this unit have a single processing objective (i.e., all

processing within this unit is related to the same objective)? Y NN A

MO.2(5) d. What is the cohesion value of this unit? I 'I2NA

SD.3(5) d. Is the unit structured in the standard established format? Y N

SLI(2) d. Is the unit independent of the source of the input and the

destination of the output? N NA

SI.1(3) d. Is the unit independent of the knowledge of prior processing? NN A

Sl.l(4) d. Does the unit description/prologue include input, output,

* ' -" processing, and limitations? N NA

S.() d. How many entrances into the unit?

e. How many exits from the unit?

f. Calculate (l/d+lIe)(xY) and enter score.

51.3(0) d. How many conditional branch statements are there (e.g.,

IF, WHILE, REPEAT, DO/FOR LOOP, CASE)?

0 e. How many unconditional branch statements are there (e.g.,

GO TO, CALL, RETURN)?

f. Calculate I/(l+d+e) and enter score.

S.4(1) d. Is the flow of control from top to bottom (i.e., flow of control

does not jump erratically)? N A

$1.4(2) d. How many estimated lines of iource code, excluding comments?
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e. How many negative boolean aiei compound boolean expressions

are used? I-' A

f. Calculate l-(e/d) and enter score. N

SI.A(3) d. How many loops (e.g., WHILE, DO/FOR, REPEAT)?

e. How many loops with unnatural exits (e.g., jumps out of loop,

return statement)?

f. Calculate t-(e/d) and enter score. N

SI.(4) d. In many iteration loops (i.e., DO/FOR loops)?

e. In how many iteration loops are indices modified to alter the

fundamental processing of the loop?

f. Calculate l-(e/d) and enter score.

SI.(5) d. 's the unit free from all self-modification of code (i.e., does not

alter instructions, overlays of code, etc.)? N

SI.5() d. How many data items are used as input? [::=

e. Calculate l/(I+d) and enter score.

SI.5(2) d. How many data items are used for output? N

e. How many parameters in the units calling sequence return

output values? N/

f. Calculate e/f and enter score.

51.5(3) d. Does the unit perform a single, nondivisible function?
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SI.6(l) d. How many unique operations'

e. How many unique operands?

f. How many total operands?

g. Calculate l-(2xe)/(dxf) and enter score.

ST.l(l) d. How many data items are in this unit's interface (i.e., data

items used to input or output data)?

e. Calculate I/(A +d) and enter score. I NA

' ST.1(2) d. How many global data items are in this unix% interface are

• .not adequately commented (i.e., lack comments regaraing the

purpose, type, or limitations)?

e. Calculate l/d and enter score.

ST.l(3) d. How many data items are in the unit's interface?

e. How many interface data items are in the unit with negative
qualification logic (e.g., booltan values that return "TRUE"

upon failure rather than success)? --

t. Calculate 1-(e/d) and enter score.

S "T.l(4) d. How many data items are in this unit's interface? I

e. Calculate l/(l+d) and enter score. r

. ST.1(5) d. Is the unit interface establithed solely by arguments in the

calling sequence parameter list?

38-i10
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ST.2(I) d. Hw many unique execution paths are In the unit?

e. Cnlculate lid and enter score. E1IN/

ST.2(2) d. How many conditional branch statements are there (e.g., IF, WHILE,

REPEAT, CASE)?

e. Calculate I(I +d) and enter score. I=

ST.2(3) d. How many other units are called by this unit (e.g., calls to other

functions, vubroutines, and procedures)?

e. Calculate I/(I +d) and enter score. N

ST.2(4) d. How many iteration loops are there in the unit (e.g., DO/FOR

loops)?

e. Calculate IAI +d) and enter score. N-

ST.3(3) d. Is temporary storage (i.e., workspace reserved intermediate or partial

resuits) used only by this unit during execution (i.e., is not shared

with other units)? N NA

ST.4(I) d. How many global data items are used in the unit?

e. How many parameters are in this unit's calling sequence

parameter list? i---

f. Calculate e/d and cnter score. N

ST.4(2) d. How many global data items are used in this unit? i I/

e. Calculate Il(I-d) and enter score.
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ST.4 () d. Does this unit have a single entrance (i.e., all units calling this

unit must enter at the same location)? ='NA

ST.4(5) d. Does this unit's communication with all interfacing units pass only

data parameters (i.e., does not pass any control elements)?

ST.5() d. Is the unit free from unnecessarily recomputing the same value? 'Y N N A

ST.5(2) d. Is the unit free from statements which are never executed? NN A

- ST.5(3) d. Is the meaning of each data item consistent throughout the unit (i.e.,

the use associated with each data item does not change)?

ST.5(4) d. Is the unit free from unnecessary intermediate data items? N[A

VS.l(I) d. How many execution paths are there? iI/

e. How many execution paths are (to be) tested? F NIA

f. Calculate e/d and enter score.

VS.l(2) d. How many total input parameters are there? NI

e. How many input parameters are to be tested? L _ _

f. Calculate e/d and enter score.
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GLOSSARY

Argument List: A list of data elements that specify the input and output parameters

used during execution ot a software unit.

Cohesion Value: The type of relationship that exists among the elements of each software

entity (Function, CSCI, Unit).

COHESION TYPE VALUE

7) Functional 1.0

6) Informational 0.7

5) Communicational 0.5
4) Procedural 0.3

3) Classical 0.1

2) Logical 0.1
1) -'oinc~dental 0.0

The following are descriptions of the seven types of cohension.

I) Coincidental

No meaningful relationships among the elements of an entity.

Difficult to descr ibe the module's function(s).

2) Logical

Entity performs (at each invocation) one of a class of related functions (e.g.,

"edit all data").
Entity performs more than one function.

3) Classical

Entity performs one of a class of functions that are related in time (Program

procedure).

Entity performs more than one function.

4) P-ocedural

Entity performs more than one function, where the functions are related with

respect to the procedure of the problem (Problem procedure).
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GLOSSARY (continued)

5) Communicational

Entity has procedural strength; in addition, all of the elements "communicate"

with one another (e.g., reference same data or pass data among themselves).

. All functions use the same data.

6) Informational

Entity performs multiple functions where the functions (entry points in the

module) deal with a single data structure.

* . Physical packaging together of two or more entities having functional strength.

All functions use the same data.

7) Functional

All entity elements are related to the performance of a single function.

Communication Channel: The pathways along which data/messages are communicated to

the various system components or nodes (i.e., other computer, data storage units,

special processors, etc.).

Control Elemen. Any data items that select an operating mode or submode in the

software unit, direct the sequential flow, or otherwise directly influence the function of

the unit.

Control Variables: Any data items that select an operating mode or submode In the

software unit, direct the sequential flow, or otherwise directly influence the

function of the unit.

Coupling: The type of relationship that exists between two software entities (Functions,

CSCIs, Units). In achieving a highly modular design it is essential to

minimize the relationships among software entities. The goal is to design software

entities with low coupling. The scae of coupling from worst to best is: (1) Content

Coupling, 2) Common Coupling, 3) External Coupling, 4) Control Coupling, 5) Stamp

Coupling, and 6) Data Coupling.
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GLOSSARY (continued)

1) Content Coupling - One software entity references the contents of another software

entity.

2) Common Coupling - Software entities reference a shared global data structure.

3) External Coupling - Software entities reference the same externally declared

symbol.

4) Control Coupling - One software entity passes controi elements as arguments to

another software entity.

5) Stamp Coupling - Two software entities reference the same data structure, which is

not global.

6) Data Coupling - One software entity calls another and the software entities are not

coupled as defined above (in I through 5).

Data Element: A specific entity of data (e.g., variable, constant, coefficient, etc.).

Data Item: A specific entity of data (e.g., variable, constant, coefficient, etc.).

Data Reference: A specific entity of data (e.g., variable, constant, coefficient, etc.).

Database Management Scheme: The methods and commands used to access or operate the

database management software system.

Design Representation: A formal statement of the details or organization of a design

using one of a number of design representation methodologies, such as, Flow Charts,

HIPO Charts, PDL, etc.

Haistead's Level of Difficulty: The metric is based on Halstead's concept of the level of

difficulty. A program with a high value of difficulty is likey to be more difficult to

construct and this may lead to more errors. The level of difficulty is a measure of
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GLOSSARY (continued)

f"error-proneness". Programming difficulty increases if additional operators are

0introduced and if an operand is used repetitively.

. I/O Channel: The pathways along which data/messages are communicated to the various

user-oriented peripherals in the system (CRT, Printer).

Line- Af Code: The number of lines of source code, excluding comment lines ana blank

-lines.

Microcode Instructions: A low-level computer instruction specifying a single machine

operation.

Multiple Transfer Index Parameter: A value used to select a variation in the order of

code execution (i.e., case statement, program switch, etc.).

Range-Test: A test performed to validate the oblect of interest over the complete

spectrum of applicable values.

Subscript Value: A value used to reference an entity from a group of related objects

(i.e., table index, array index, etc.).
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WORKSHEET PREPARATION INSTRUCTIONS

SECTION A - GENERAL INFORMATION

1. Ent,-r the name and contract number of the project.

2. Enter the date the worksheet is prepared (month, day, year).

3. Enter the name of the person responsible for completing the worksheet.

4. Enter the name of the entity to which the worksheet is applied.

5. Enter the number and name of all documentation which is used as source

material for answering the metric questions in Section B.

6. Enter comments reflecting the inspector's observations on product quality and

any additional information regarding specific metric questions. Attach

additional sheets, as necessary.

SECTION B - METRIC QUESTIONS

Answer all applicable metric questions by circling the appropriate answer (Y = yes,

N = no, N/A = nt applicable) or by entering the appropriate value. A glossary of
terms is provided e the end of this section.
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SECTION A - GENERAL INFORMATION

1. PROJECT

2. DATE

3. INSPECTOR

4. PRODUCT

5. SOURCE DOCUMENTATION:

6. INSPECTOR COMMENTS:

!?.
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SECTION B - METRIC QUESTIONS

AC.l(S) Do the outputs associated with applicable funr:tions (e.g., mission critical

functions) provide enough precision to support accuracy objectives? N N

A.M.1(3) a. How many applicable units (answer of Y or N on 4B)?

b. How many units with answer of Y (see 4B)?

c. Calculate b/a and enter score. JN/

AM.2(2) Are values of all applicable external inputs with range specifications checked

with respect to specified range prior to use? NN

AM.2(3) Are all applicable external inputs checked with respect to specified conflicting

requests prior to use? NN

AM.2(4) re all applicable external inputs checked with respect to specified illegal

combinations prior to use?

AM.2(5) Are all applicable external inputs checked for reasonableness before processing

begins?

AM.2(6) Are all detected errors, with reopect to applicable external inputs, reported

before processing begins? YN N

AM.2(7) a. How many applicable units (answers of Y or N on 4B)

b. How many units with answer of Y (see 4B)

c. Calculate b/a and enter score. N

AM.3(2) Are all critical loop and multiple transfer index parameters (e.g., supporting

a mission critical function) checked for out-of-range values before use?

4A-3

A-133

i -- '1. '-" . .'-." : . . .14.4 'i "'> ,- .''"" .- "-...-'," . - . - -i-, - "," ". '. ., . . . 44- ',, .4 - -- "..,4, ---



METRIC WORKSHEET 4A CSCI LEVEL

* AM.3(3) Are all critical subscripts (e.g., supporting a mission critical function)

4.checked for out-of-range values before use? NY "NLA

AM.3(4) Are all critical output data (e.g., supporting a mission critical function)

checked for reasonable values prior to final outputting?YNNA

-. APMl(1 a. How many applicable units (answer of Y or N on 48)?N

- b. How many units with answer of Y (see 413)?N

C. Calculate b/a and enter score.N

AP.2(l) a. How many applicable units (score entered on 4B)?N

b. What is total score for all applicable units (add applicable unit

scores from 48)?

C. Calculate b/a and enter score.N

.. AP.2(2) a. How many applicable units (answer of Y or N on 4B)?

4.b. How many units with answer of Y (see 48)?

.4. -C. Calculate b/a and enter score.

AP.2(3) a. How many applicable units (answer of Y or N on 4B)?

b. How many units with answer of Y (see 4B)?N

Kc. Calcu'ate b/a and enter score.

AP.2(4) a. How many applicable, inits (answer of Y or N on 4B)?

b. How many units with answer of (see 4B)?

4A .4
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c. Calculate b/a and enter score.

AP.3() a. How many applicable units (answer of Y or N on 41)? F-' N/l

b. How many units with answer of Y (see 4B)?

c. Calculate b/a and enter score. E NA

AP.3(2) a. How many applicable units (score entered on 4B)?

b. What is total score for all applicable units (add applicable unit

scores from 413)? MN

c. Calculate b/a and enter score. N

AP.t(1) a. How many applicable units (answer of Y or N on 48)? =N i

b. How many units with answer of Y (see 4B)?

c. Calculate b/a and enter score. --

ATI(l) a. How many applicable units (answer of Y or N on 41B)?

b. How many units with answer of Y (see 4B)?

C. Calculate b/a and enter score. -" -

AT.1(2) a. What is the total memory space allocated? Ni

b. What is the actual memory space used (total less spare)? [' N

c. Calculate l-(b/a) and enter score.

AT.l(3) a. What is the total auxiliary storage space allocated? I
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b. What is the actual auxiliary storage space used (total less

spare)?

_*' C. Calcu!ate i-(6/a) and enter score.

AT.2(l) a. How many applicable units (answer of Y or N on 4B)N

b. How many units with answer of Y (see 41)?

c. Calculate b/a and enter score.

'.' AT.2(2) a. How many applicable units (answer of Y or N on 4B)?

b. How many units with answer of Y (see 48)? F N"

- Calculate b/a and enter score.

AT.2(3) a. What is the total processing time allocated?

b. What is the actual processing time used (total less spare)?

C. Calculate I-(b/a) and enter score. -N 7--

* AT.3() a. What is the total 1/0 channel time allocated?

b. What is the actual channel time used (total less spare)?

C. Calculate l-(b/a) and enter score.

-P Note, for more than one 1/O channel, list answers to a., b., and c.

below and enter average of answers in boxes above.

,/0 CHANNEL b. c.
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AT.3(2) a. What is the total communication channel time allocated? "

b. What is the actual communication channel time used (total

.ess spare)?

c. Calculate 1-(b/a) and enter score.

Note, for more than one communication channel, list answers to a.,

b., and c. below and enter average of answers in boxes above.

COMMUNICATION

CHANNEL a. b. c.

AU.1(2) a. How many lines of source code, excluding comments? J TSN/

b. How many lines of source code necessary to handle hardware

and device interface protocol? J TRN/

c. Calculate 1-(b/a) .nd enter score.

AU.I(3 a. How many units?

b. How many units perform processing of hardware and/or device

iterface protocol?

C. Calculate 1-(b/a) and enter score.
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ALI.1(4) a. How much processing time is typically spent executing the
" entire CSCI? "---A

b. How much processing time is typically spent executing the

hardware and device interface protocol units? -

c. Calculate l-W/a) and enter score. N

CL.I(7) a. How many units receive inputs from other systems? EE /

b. Calculate I/a and enter score.

0 CL.(8) a. How many units transmit outputs to other systems? F N

b. Calculate l/a and enter score. N

CL.2(l) Do all data representations and translations comply with the

established standard? Y TNNR

CL.2(2) a. How many units perform data translations? N

b. Calculate I/a and enter score. EIN- T

CP.1(2) a. How many applicable units (score entered on 4B)? N

b. What i= total score for all applicable units (add applhcable

unit sc(. from 4B)' E WN

c. Calculate b/a and enter score. [ I N/A

CP.1(3) a. How many data items are defined (i.e., documented with regard
to source, meaning, and format)?

* b. How many defined data items are referenced?
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c. Calculate b/a and enter score.

CP.1(4) a. How many applicable units (score entered on 4B)? [ N

b. What is total score for all applicable units (add applicable

unit scores from 4B)?

c. Calculate b/a and enter score. N

CP.l(9) a. How many applicable units (answer of Y or N on 4B)?

b. How many units with answer of Y (see 4B)?

C. Calculate b/a and enter score. N

CP.l(10) a. How many applicable units (ara-wer of Y or N on 4B)?

b. How many units with answer of Y (see 4B)?

c. Calculate b/a and enter score.

CP.l(I ) a. How many software problem reports have been recorded, to

date?

b. How many recorded software problem reports have been closed

(resolved), to date?

c. Calculate b/a and enter score. "-T
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CS.I(2) a. How many applicable units (answer of Y or N or,. N/

b. How many units with answer of Y (see 4B)? -

C. Calculate b/a az.d enter score.

CS. 113) a. How many applicable units (arwer of V or N on 4B)? N ,

b. How many units with answer of Y (see 4B)?

c. Calculate b/a and enter score.

CS.I() a. How many applicable units (answer of Y or N on 4B)?

b. How many units with answer of Y %see 4B)?

c. Calculate b/a and enter score. [-- N773

CS.l(5) a. How many applicable units (answer of Y or N on 4B)?

b. How many units with answer of Y (see 4B)? N

c. Calculate b/a and enter score.

CS.2(l) a. How many applicable units (answer of Y or N on 4B)?

b. How many units with answer of Y (see 4B)?

c. Calculate b/a and enter score. 73

CS.2(2) a. How many applicable units (answer of Y or N on 4B)? F NTR

b. How many units with answer of Y (see 4B)?

C. Calculate b/a and enter score.
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CS.2(3) a. How many applicable units (answer of Y or N on 4B)?

b. How many units with answer of Y (see 4B)?

c. Calculate b/a and enter score.

CS.2(6) a. How many applicable units (answer of Y or N on 48)?

b. How many units with answer of Y (see 48)?

c. Calculate b/d .nd enter score.

DO. 1(1) Are current versions of all software documentation related
to the project free from access control (i.e., any member of

the current projei= or other projects may access a copy of

any document)? f7 =4N A

t DO.2(1) Is all the documentation structured and written clearly and

simply such that procedures, functions, algoritt,ms, ftc. can

be easily understood?

DO.2(3) Does .ach document contain an indexing scheme which facilitates

am'ckly locating and accessing various information in Lhe

document (e.g., hierarchical structured table of contents,

insected tabs)? YNN

DO.2;'i) Do the software specifica-i ,ns and design ar, test documentation

have separate volumes or sepatation within a single volume based

on system functions, software func "ons, or software elements? N N

D0.2(3I Are all 'he software listings included in the software documentdtion? N-N

EP.1(2) a. How many applicable unitb (score entered on 3B)7

b. What is total score for all applicable units (add applicable

4A-11
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unit scores from 3B)? F

c. Calculate b/a and enter score.

EP.1(3) a. How many applicable units (score entered on 4B)?

b. What is total score for all applicable units (add

applicable unit scores from 4B)?

c. Calculate b/a and enter score. IiN

EP.l(4) a. How many applicable units (score entered on 4B)?

b. What is total score for all applicable unite (add

applicable unit scores from 4B)?

c. Calculate b/a and enter score. N N

EP.I(5) a. How many different overlays are used in this CSCI?

b. Calculate I/a and enter score.

EP.l(6) a. How many anplicable units (score entered on 4B)? [ JN/

b. What is total score for all applicable units (add

applicable unit scores from 4B)?

c. Calculate b/a and enter score.

EP.2(4) a. How many applicable units (score entered on 4B)?

b. What 15 total score for all applicable units (add

applicable uniL scores from 4B)?
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c. Calculate b/a and enter score.

EP.2(5) a. How many applicable units (score entered on 41B)?

b. What is total score for all applicable units (add
applicable unit scores from 41B)? N 7

c. Calculate b/a and enter score. [ T/

EP.2(7) a. How many applicable units (score entered on 41B)?

b. What is total score for all applicable units (add

applicable unit scores from 4B)?

c. Calculate b/a and enter score.

ES.1(3) a. How many globai variables?

b. How many global variables are referenced by more

than one name?

c. Calculate l-(b/a) and enter score. N

ES.I(4) Does the separation of the CSCI into segments (i.e., load

modules) efficiently utilize the segmented memory space
available (e.g., minimizing tile largest CSCI segment length

to minm~ze the memory segment size required for module

execution)? YTN IN

"ES. 1(6) a. How many applicable units (answer of Y or N on 413)? F" N//T

b. How many units w¢ith answer of Y (see 4B)Y7i'! /

C. Calculate b/a and enter score. F N A/
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ES.l(7) a. How many total software units? I [N/A

b. How many software units are optimized for storage efficiency

(i.e., compiled with a storage optimizing compiler or coded

in assembly language)?

C. Calculate l-(b/a) and enter score.

ES.1(8) Is the CSCI free from redundant storage of files and libraries

(e.g., duplicate copies at different nodes in a network;

multiple versions of the same file are not part of the working CSCI)? Y N N/A

FS.I(I) a. How many applicable units (answer of Y or N on 4B)?

b. How many units with answer of Y (see 4B)? EZ1IN/

c. Calculate b/a and enter score. F N NA

FS.1(2) a. How many applicable units (answer of Y or N on 4B)?

- . b. How many units with answer of Y (see 4B)?

c. Calculate b/a and enter score.

*GE.l(l) a. How many units in total? -TNA

b. How many units are called by more than one other unit?

c. Calculatc b/a and enter scorc.

GE.2(l) a. How many units in this CSCI? N

b. In how many units are the following processing

categories mixed: external input, external output,

algorithmic processing? F N/Aq
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c. Calculate l-(b/a) and enter score.

GE.2(2) a. How many applicable units (answer of Y or N on 48)? N

b. How many units with answer of Y (see 4B)?

c. Calculate b/a ana enter score.

GE.2(3) a. How many applicable units (answer of Y or N on 4B)'

b. How many units with answer of Y (see 4B)?

C. Calculate b/a and enter score. I _N

GE.2(4) a. How many applicable units (answer of Y or N on 48)? N

b. How many units with answer of Y (see 4B)?

C. Calculate b/a and enter score. EZ/

ID.l(l) a. Hew many applicable units (score entered on 4B)?

b. What is total score for all applicable units (add applicable

unit scores from 4B)?

C. Calculate b/a and enter score. [ -J"

ID.1(3) a. How many applicable units (answer of Y or N on 48)?

b. How many units with answer of Y (see 48)?

C. Calculate b/a and enter score.

ID.2(2) a. How many units in the CSCI?
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b. How many units in the CSCI perform eyternal input/output?

c. Calculate t-(b/a) and enter score. Eh-'--

ID.2(3) a. How many units in the CSCI?

b. How many units in the CSCI contain operations dependen,'

on word or character size? [ IiPN/

c. Calculate I -(b/a) and enter score.

ID.2(4) a. How many units in the CSCI?

b. How many units in the CSCI contain data element represvntations

that are machine dependent? E-- 7

c. Calculate I-(b/a) and enter score.

MO.I(2) Are all units coded and tested according to structural

techniques? FN NA

MO.1(3) a. How many applicable units (answer of Y or N on 4B)? [ iN/

b. How many units with answer of Y (see 4B)?

C. Calculate b/a and enter score. N

MO.l(4) a, How many applicable units (answer of Y or N on 4B)? F-i17;

b. How many units with answer of Y (see 4B)?

c. Calculate b/a and enter score.

MO.1(5) a. How many applicable units (answer of Y or N on 4B)?
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b. How many units with answer of Y (see 4B) "  N

c. Calculate 0/a and enter score. EZIN/

MO.l(6) a. How many applicabl- units (answer of Y or N on 4B)?

b. How many units with answer of Y (see &,B)?

c. C'iculate b/a and enter score. [ I/

MO.I(7) a. How many applicable units kanswer of Y or N on 4B)? N

b. How many units with answer of Y (see 4B)? N

Calculate b/a and enter score.

MO.I(8) a. How many applicable units (answer of Y or N on 4B)? NIA

b. How many units with answer of Y (3ee 4B)?

C. Calculate b/a and enter score. L IN/I

MO.I(9) a. How many applicable units (answer of Y or N on 41B)? i N/

b. How many units with answer of Y (see 4B)? E 7LW

c. Calculate b/a and enter score.

MAO.2(2) a. How many interfaces among software units?

b. How many un.-t interfaces inc!ude:

b. content coupling

b2. common coupling I 7NI'
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b3. external coupling i IN.

C. Calculate L-((bl-b2+b3)/(3xi)) and enter score. F NN

M0.2(3) a. How many interfaces among software units? IZZE/A

b. How many unit interfaces inc!.ude:

bl. control coupling

b2. stamp coupling

b3. data coupling

c. Calculate ((bl-b2)/(2xa)+(b3/a)) and enter score.

MO.2(5) a. How many applicable units (score entered on 4R)? r J N/?

b. What is total score for all applicable units ,add applicable

unit scores from 4B)? NI

c. Calculate b/a and enter score. F N/

OP.I(2) Are all specified error conditions reported to the operator/user

such that the nature of the error and any response required

by the operator/user are clearly identified and described in

the error message?

OP.L(3) Is the capability provided for operator/user response to all

reported errors as specified in the requirements? Y N N/E

OP.i19) a. How many total operator messages and responses are provided? LZILN/

b. How many different format types are used for operator messages

and responses?
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C. Calculate l-(b/al and enter score. I N[ 9"

SD.I(I) a. How many applicable units (score entered on 4B)?

b. What is total score for all applicable units (add applicable unit

scores from 4B)?

c. Calculate b/a and enter score.

SD.2(l) a. How many applicable units (answer of Y or N on 4B)?

b. How many units with answer of Y (see 4B)? I I

c. Calculate b/a and enter score.

SD.2(2) a. How many aDplicable units (answer of Y or N on 4B)? I N/l

b. How many units with answer of Y (see 4B)?

C. Caiculate b/a and enter score.

SD.2(3) a. How many applicable units (answer of Y or N on 4B)?

b. How many units with answer of Y (see 4B)?

c. Calculate b/a and enter score.

SD.2(4) a. How many applicable units (answer of Y or N on 4B)?

b. How many units with answer of Y (see 4B)?

c. Calculate b/a and enter score.

SD.2(5) a. How many applicable units (answer of Y or N on IB)?
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b. How many units with answer of Y (see 4B)?

c. Calculate b/a and enter score.

SD.2(6) a. How many applicable units (answer of Y or N on 4B)?

b. How many units with answer of Y (see 4B)?

c. Calculate b/a and enter score.

SD.2(7) a. How many applicable units (answer of Y or N on 48)?

- re b. How many units with answer of Y (see 4B)? N.

c. Calculate b/a and enter score. N

- SD.2(8) a. How many applicable units (answer of Y or N on 4B)?

b. How many units with answer of Y (see 4B)?

4 , c. Calculate b/a and enter score.

- SD.3() a. How many applicable units (answer of Y or N on 4B)?

b. How many units with answer of Y (see 483)?

c. Calculate b/a and enter score. E N/

* SD.3(2) a. How many applicable units (answer of Y or N on 4B)?

- b. How many units with answer of Y (see 4B)?

c. Calculate b/.' and enter score.

SD.3(3) a. How many applicable units (answer of Y oi N on 48)?
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t. How many units with answer of Y (see 4B)? N

C. Calculate b/a and enter score. E-" 75

SD.3(4) a. How manv applicable units (answer of Y or N on 4B)? N.

b. How many units vith answer of Y (see 4B)Y

c. Calculate b/a and enter score. N

SD.3(5) a. How many applicable units (answer of Y or N on 4B)? N

b. How many units with answer of Y (see 4B)? N

C. Calculate b/a and enter score. .

SD.3(6) a. How many applicable units (answer of Y or N on 4B)? "

b. How many units with answer of Y (see 4B)? N

C. Calculate b/a and enter score.

51.1(2) a. How many applicable units (answer of Y or N on 48)? N

b. How many units with answer of Y (see 4B)?

c. Calculate b/a and enter score. FTI I.

SL.1(3) a. How many applicable units (answer of Y or N on 4b)? N

b. How many units with answer of Y (see 4B)? I ! N/A

C. Calculate b/a and enter score.

SI.1(4) a. How many applicaole units (answer of Y or N on 43)"

4A-21

A-151
L ..

f, YV V Y"4 , r~ ~ . ~ .- f~ .A.~ A--.

- - 4--• ..



MFTRIC WORKSHEET 4A CSCI LEVEL

b. How many units with answer of Y (see 4B)?

c. Calculate b/a and enter score. I ]NP

S S!.1(5) a. How many applicable units (answer of Y or N on 4B)?

b. How many units with answer of Y (see 4B)? N

c. Calcolate b/a and enter score. F •

SI.1(6) a. How many unique data items are in common blocks? N

--- b. Calculate I/a and enter score.

SI.l(7) a. How many unique data items are in common blocks?

b. How many unique common blocks?

-- -'. c. Calculate b/a and enter score.

S.1(10) Do the descriptions of all units identify all interfacing

units and all interfacing hardware? [YT] NTN/A

- SI.2(M a. How many units in total?

b. H. ,nany units are implemented in a structural language

or using a preprocessor? NA

* .€.C. Calculate b/a and enter score. I I

SI.3() a. How many applicable units (score entered on 4B)?

b. What is total score for all applicable units (add applicable
S. unit scores from UB)?
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c. Calculate b/a and enter zCore.

Sl.40(l) a. How many applicable units (answer of Y or N on 48)?

b. How many units with answer of Y (see 4B)_

C. Calculate b/a and enter score. L_ NA

SI.A(2) a. How many applicable units (answer of Y or N on 413)?

b. What is total score for all app!ii-1c units (add applicable

unit scores from 48)? [ IN/7l

C. Calculate b/a and enter -core. N

SIM.(3) a. How many applcable units (answer of Y or N on 48)?

b. What is total score for all applicable units (add applicable

unit scores from 4B)1? I N

c. Calculate b/a and enter ,r-'re.

S.4(4) a. How many applicable units (answer of Y or N on 41)? FZ N

b. What is total score for all applicable units (add applicable

unit scores from 4B)? E.- TN/

.. COai.uidte b/ dnd enter score. I IN/AI

51.4(5) a. How man) applicable units (answer of Y or N on 48)? N

b. How many unts with answer of Y (see 4B)? F N/AI

c. Calculate b/a and enter score. 4A]
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SI.(6) a. How many applicable units (answer of Y or N on 4B)?

b. What is total score for al applicable units (add applicable

unit scores from 41)?

c. Calculate b/a and enter score.

SI.4(7) a. How many applicable units (answer of Y or N on 4B)?

b. What is total score for all applicable units (add applicable

unit scores from 4B)?

C. Calculate b/a and enter score.

S.4(S) a. How -nany applicable units (answer of Y or N on 4B)?

b. What is total score for all applicable units (add applicable

unit scores from 48)?

c. Calculate b/a and enter score.

SI.4(9) a. How many applicable units (answer of Y or N on 4B)?

b. What is total score for all apphcable units (add applicable

unit scores from 4B)?

c. Calculate b/a and enter score.

Sl.4(lO) a. How many applicable units (answer of Y or N on 4B)?

b. What is total score for all applicable units (add applicable

unit scores from 48)7

c. Calculate b/a and enter score.
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S1.4 (1) a. How many applicable units (answer of Y or N on 4B)?

b. What is total score for all applicable units (add applicable

unit scores from 4B)?I1IT

C. Calculate b/a and enter score.

51.4(12) a. How many applicable units (answer of Y or N on 4B)?

b. How many unit! with answer of Y (see 4B)? EInTM

c. Calculate b/a and enter score.

51.4(13) a. How many applicable units (answer of Y or N on 4B)?

b. How many units with answer of Y (see 4B)? iIN/

c. Calculate b/a and enter score. IZINA

51.4(14) Is repeated ano redundant code &."oided (e.g., through

utilizing macros, procedures, and functions)? IY tN INL?.I

SIJ() a. How many apolicable units (score entered on 4B)?

b. What ii total score for all applicable units (add applicable

unit scores from 4B)? I NI

c. Calculate b/a and enter score. I A/

S.5(2) a. Ho,-w many applicable units (score entered on 4B)? F- ME

b. What is total sc-lre for all applicable units (add applicable

unit ,sores from 4B)? N

c. Calculate '/a and enter score. I .
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SI,53) a. How many applicable units (answer of Y or N on 4B)?

b. How many units with answer of Y (see 4B)?

c. Calculate b/a and enter score. /

SI.6(l) a. How many applicable units (score entered on 483)?

b. What is total score for all applicable units (add applicable

unit scores from UB)?

C. Calculate b/a and enter score.

ST.l(I) a. How many applicable units (score entered on 483)? [--

b. What is total score for all applicable units (add applicable

unit scores from 4B)"

c. Calculate b/a and enter score. N

ST.1(2) a. How many applicable units (score entered on 4B)? N-

b. What is total score for all applicable units (add applicable

unit scores from 48)? r-

c. Calculate b/a and enter score.

ST.!(3) a. How many applicable units (score entered on 4B)?

b. What is total score for all applicable units (add applicable

unit scores from 4B)?

c. Calculate b/a and enter score.

ST.l(4) a. How many applicable units (score entered on 4B)?
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b. What is total score for all applicable units (add applicable

unit scores from 4B)?

c. Calculate b/a and enter score.

ST.l(A) a. How many applicable units (answer of Y or N on 4B)?

b. How many units with answer of Y (see 4B)?

c. Calculate b/a and enter score. I I N/?A

ST.1(6) a. How many units in this CSCI? EZEN/

b. How many units modify the internal code or data of other units? N,

c. Calculate l-(b/a) and enter score. r- TWA

ST.2(1) a. How many applicable jnits (score entered on 4B)?

b. What is total score for all applicable units (add applicable

unit scoces from 4B)'

c. Calculate b/a and enter score.

ST.2(2) a. How many applicable units (score entered on 4B)?

b. What is total score for all applicable units (add applicable

unit scores from 4B)? L N

C. Calculate b/a and enter score. _

ST.2(3) a. How many applicable units (score entered on 4B)?

b. What is total score for all applicable units (add applicable

unit scores from 4) ,N
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c. Calculate b/a and enter score.

ST.2(4) a. How many applicable units (score entered on 4B)? 1 /

b. What is total score for all applicable units (add applicable

unit scores from 4B)? EZI N/

c. Calculate b/a and enter score.

ST.2(5) a. How many applicable units (answer of Y or N on 4B)? t N/

b. How many units with answer of Y (see 4B)?

c. Calculate b/a and enter score. N77q

ST.3(3) a. How many applicable units (answer of Y or N on 4B)?

b. How many units with answer of Y (see ;B)? FJj7

c. Calculate b/a ana enter score. = N

ST.3(4) a. How many units mix the management of primary and secondary

storage resources with the management of data within the

storage areas (e.g., executive unit that allocates storage

for a proces;s and controls what data can be accessed during process

execution)? f-- 7

t. Calculate l/(l-a) and enter score. N/"

ST.40(1) a. How many applicable units (score entered on 4B)?

b. What is total score for all applicable units (add applicable

unit scores from 4B) 9  IIYA

C. Calculate b/a and enter score. [--IN
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ST.4(2) a. How many applicable units (score entered on 48)?

b. What is total score for all applicable units (add applicable

unit scores from 4B)?

c. Calculate b/a and enter score. I NIA

ST.4(3) a. How many global data items are used in the CSCI?

b. How many global data items are modified by one unit and

referenced by other units? 7A

c. Calculate b/a and enter score.

ST.4(4) a. How many applicable units (answer of Y or N on 41)? N

b. How many units with answer of Y (see 48)?

c. Calculate b/a and enter score. F 7 N/T4

ST.4(3) a. How many applicable units (answer of Y or N on 4B)? FI N/ 4

b. How many units with answer of Y (see 48)? F

c. Calculate b/a and enter score. N

ST.5(i) a. How many applicable units (answer of Y or N on 4B)? I N/,N

b. How many units with answer of Y (see 4B)? I IN/;q

c. Calculate b/a and enter score.

ST.5(2) a. How many applicable units (answer of Y or N on 41)? -

b. How many units with answer of Y (see 4B)?
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c. Calculate b/a and enter score.

ST.5(3) a. How many applicable units (answer of Y or N on 4B)?

b. How many units with answer of Y (see 4B)?

c. Calculate b/a and enter score.

ST.5(4) a. How many applicable units (answer of Y or N on 4B)?

b. How many units with answer of Y (see 4B)?

c. Calculate b/a and enter score.

VS.l(I) a. How many applicable units (score entered on 4B)?

b. What is total score for all applicable units (add applicable

unit scores from 4B)? _ _

c. Calculate b/a and enter score. N

-. VS.1(2) a. How many applicable units (score entered on 4B)?

b. What is total score for all applicable units (add applicable

a,."',, unit scores from 4B)? I IN/?

C. Calculate b/a and enter score.

A

a. -:
.o
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GLOSSARY

Argument List: A list of data elements that specify the input and output parameters

used during execution of a software unit.

Cohesion Va. %.. T ,yv v! relationship that exists among the elements of each software

entity (Function, CSCI, Unit). The following are relative

values for seven types ofcohesion.

COHESION TYPE VALUE

7) Functional 1.0

6) Informational 0.7

5) Communicational 0.5

4) Procedural 0.3

3) Classical 0.1

2) Logical 0.1

1) Coincidental 0.0

The following are descriptions of the seven types of cohesion.

1) Coincidental

o No meaningful relationships among the elements of an entity

o Difficult to describe the module's function(s).

2) Logical

0 Entity (at each invocation) one of a class of related functions (e.g., "edit

all data").

o Entity performs more than one function.

3) Classical

0 Entity performs one of a class of functions that are related in time
(Program procedure).

o Entity performs more than one function.

4) Procedural

o Entity performs more than one function, where the functions are related

with respect to the procedure of the problem (Problem procedure).
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GLOSSARY (Continued)

5) Communicational

o Entity has procedural strength; in addition, all of the elements

"communicate" with one other (e.g., reference same data or pass data among

themselves).

o All functions use the same data.

6) Informational

o Entity performs multiple functions where the functions (entry points in

the unit) deal with a single data structure.

o Physical packaging together of two or more entities having functional

strength.

o All functions use the same data.

7) Functional

o All entity elements are related to the performance of a single function.

Control Elements: Any data items that select an operating mode or submode in the

Software unit, direct the sequential flow, or otherwise directly influence the

function of the unit.

Control Variables: Any data items that select an operating mode or bubmode in the
software unit, direct the sequential flow, or otherwise directly influence the

function of the unit.

Coupling: The type of relationship that exists between two software entities (Functions,

CSCIs, Units). In achieving a highly modular design it is essential to minimize the

relationships among software entities. The goal is to design software entities with

low coupling. The scale of coupling from worst to best is: 1) Content Coupling, 2)

Common Coupling, 3) External Coupling, 4) Control Couplitig, 5) Stamp Coupling,

and 6) Data Coupling.

I) Content Coupling - One software entity references the contents of another

software entity.
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GLOSSARY (Continued)

2) Common Coupling - Software entities reference a shared global data

structure.

3) External Coupling - Software entities reference the same externally declared

symbol.

4) Control Coupling - One software entity pases control elements as arguments

to another software entity.

5) Stamp Coupling - Two software entities reference the same data structure,

which is not global.

6) Data Coupling - One software entity calls another and the software entities

are not coupled as defined above (in I through 5).

Data Element: A specific entity of data (e.g., variable, constant, coefficient, etc.).

Data Item: A specific entity of data (e.g., variable, constant, coefficient, etc.).

Data Reference: A specific entity of data (e.g., variable, constant, coefficient, etc.).

Design Representation: A formal statement of the details cr organization of a design

using one of a number of design representation methodologies, such as, Flow Charts,

HIPO Charts, PDL, etc.

Haisteao's Level oi Difficulty: fhe metric :s based on Halstead's concept of the level of

difficulty. A program with a high value of difficulty is likely to be more difficult to

construct and this may lead to more errors. The level of difficulty is a measure of

"error-proneness". Programming difficulty increases if additional operators are

introduced and if an operand is used repetitively.

Lines of Code: The number of lines of source rode, excluding comment lines and blank

lines.
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GLOSSARY (Ccntinued)

Microcode Instructions: A low-level computer instruction speifying a single machine

operation.

Multiple Transfe; Index Parameter: A value used to select a variation in the order of

code execution (i.e., case statement, progre'm switch, etc.).

Range-Test: A test performed to validate the object of interest over the complete

spectrum of applicable values.

Subscript Value: A value used to reference an entity from a group of related objects

(i.e., table imdex, array index, etc.).
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WORKSHEET PREPARATION INSTRUCTIONS

SECTION A - GENERAL INFORMATION

1. Enter the name and contract number of the project.

2. Enter the date the worksheet is prepared (month, day, year).

3. Enter the name of the person responsible for completing the worksheet.

4. Enter the name of the entity to which the worksheet is applied.

5. Enter the number and name of all documentation which is used as source

material for answering the metric questions in Section B.

6. Enter comments reflecting the inspector's observations on product quality and

any additional nformation regarding specific metric questions. Attach

additional sheets, as necessary.

SECTION B - METRIC QUESTIONS

Answer all applicable metric questions by circling the appropriate answer (Y = yes,

N = no, N/A = not applicable) or by entering the appropriate value. A glossary of

terms is provided at the end of this section.
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SECTION A - GENERAL INFORMATION

1. PROJECT

2. DATE

3. INSPECTOR

4. PRODUCT

5. SOURCE DOCUMENTATION:

6. INSPECTOR COMMENTS:
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SECTION B - METRIC QUESTIONS

AM.1(3) d. When an error condition is detected, is resolution of the error determined

by :ihc cal'hrg i~z? Y *

AM.2(7) d. Is a check performed before processing begins to determine that all oata

is available? YN

AP.L(I) d. Is the unit free from specific references to the data base management scheme

(e.g., all data calls for data base information are processed through an exe-

cutive)? YN N AI

AP.2(I) d. How many parameters in the argument list for the unit?

e. How many global variables are referenced by the unit? NI

f. Calculate dI(d+e) and enter score.

AP.2(2) d. Do the comment. for global data explain where the data is derived, the

data's composition, and how the data is used? Y N IN

AP.2(3) d. Is the logical processing free from specific data storage and retrieval

references (e.g., data symbolically defined and referenced)? Y N N/A

AP.2(4) d. Do the comments for all parameter input and output and local variables

exptain tne composition and use of each data item? Y114N/i

AP.3() d. Is the unit free from specific references to the computer architecture?

Y N N/Al

AP.3(2) d. How many lines of source code, excluding comments? N/

e. How many non-HOL lines of code, excluding comments

(e.g., assembly language)?

4B-3

A-167



iETRIC WORKSHEET 4B UNIT LEVEL

f. Calculate e/d and enter score. N

AP.4 () d. Is the unit free from microcode instruction statements? Y N N

AT.l() d. Are all variable dimensions and sizes of dynamic arrays defined parametri-

cally? (Note that this question must be answered N rather than N/A where
the language does not provide for parametric dexinition.) Y N NA

AT.2(l) d. Are all accuracy, convergence, timing attributes, and timing limitations

defined parametrically? Y N NA

AT.2(2) d. Are tables used in a manner which would ease the task of changing or

expanding capability? Y N A

CP.I(2) d. How many data references are identified? F 7 N/A9

e. How many identified data references are documented with

regard to source, meaning, and fok'mat?

f. Calculate e/d and enter score. N

CP.I1() d. How many data references are identified? LiN

e. How many identified data references are computed or obtained

from an external source (e.g., referencing global data with

preassigned values, input parameters with preassigned values)? F N

' -' a-n c.i

CP.I(9) d. Are all conditions and alternative processing options defined for each decision

point? YNN

CP.1(10) d. Are all parameters in the argument list used? N N A

CS.I(2) d. Does the calling sequence protccol (between units) comply with estab-

lished standard?

4B-4
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C5.1(3) d. Does the external 1/0 protocol and format comply with the est .blished

standard? NN

CS.l(1) d. Does the handling of errors comply with the established standard? N"N

CS.1(5) d. Do all references to this unlt use the same, unique name?

CS.2(l) d. Does all data representation comply with the established standard?

CS.2(2) d. Does the naming of all data comply with the established standard?

CS.2(3) d. Is the definition and use of all global variables in accordance with the

established standard? T!.1

CS.2(6) d. Do all references to the same data use a single, unique name?

EP.1(2) d. How many loops in this unit (while, repeat until, and iteration

!oops)?

e. How many loops contain non-loop dependent statements (e.g.,

initializing a non. loop dependent variable)? N

f. Calculate l-(e/d) and enter score.

EP.1(3) d. How many units are required to be optimized for processing

efficiency?

e. How many units are optimized for processing efficiency

(i.e., compiled using an optimizing compiler or

coded in assembly language)?

f. Calculate l-(e/d) and enter score.

EP.1(4) d. flow many instances of two of more operations in an

expression (i.e., ccmpound expression) IN

4B-5
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D e. How many compound expressions ar. recalculated needlessly

(all variables in the expression have not been

reassigntd values)?

f. Calculate 1-(e/d) and enter scjre.

E P. 1(6) d. How many instances of bit/byte packing /unpacking

| are performed?

e. How .iany instances of bit/byte packing/unpacking are

performed needlessly within a loop (could be performed

'6 outside the loop)? L- NO

f. Calculate l-(e/d) and enter score. L_._ NI-.

-''-' *EP.2(4) d. How many arithmetic expressions?

e. How many arithmetic expressions with different sized components

in the same expression (e.g., bytes/word/doubleword)?

f. Calculate L-(e/d) and enter score.

0 EP.2(5) d. How many arithmetic expressions?

e. How many arithmetic expressions with mixed data types in

the same expression (e.g., integer/real/boolean/l1teral)? NI

* f. Calculate l-(e/d) and enter score.

EP.2(7) d. How many data items (e.g., arrays, constants, variables)? SN

e. How many data items are modified "  [ 1 N

f. Calculate I-(e/d) and enter score.
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ES.I(6) d. Are there any data packing operations? Y N N A

I..

F5.1(I) d. Does this unit perform a single functiun? NNA

FS.1(2) d. Is a description of the function(s) provided in the comments? N N

GE.2(2) d. Is this unit free from machine-dependent operations? N NA

GE.2(3) d. Is this unit free from strict limitations on the volume of

data items it processes (e.g., data volume limits are

parameterized)? YNNA
I-.

GE.2(4) d. Is this unit free from strict limitations on the values of

input data (e.g., no error tolerances are specified; no range

tests or reasonableness checks are performed)? Y N NiA

ID.I(1) d. How many lines of code, excluding comments? I NI A]

e. How many references to system library routines, utilities,

or other system-provided facilities?

f. Calculate I-(e/d) and enter score.

IrD.'(3) d. Is the software free from any non-standard constructs of

the implementation language? 1Y IN IN/Al

MO.I(3) d. Are the estimated lines of source code for this unit 100 lines

4B-7
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or less, excluding comments?

MO. (4) d. How many parameters are there in the calling sequence?

e. How manycallhng sequence parameters are control variables (e.g.,

select an operating mode or submode, direct the sequential

flow, directly influence the function of the software)?

f. Calculate e/d and entev score.

MO. i(5) d. Is all input data passed into tne unit through calling sequence

parameters (i.e., no data is input through global areas

or input statements)?

MO.1(6) d. Is output data passed back to the ralling unit (e.g., through

calling sequence parameters of global areas)?

MO.I(7) d. Is control always returned to the calling unit when execution

is completed?

MO.l() d. Is temporary storage (i.e., 'vorkspace reserved for intermediate or

partial results) used only by this unit during execution (i.e.,

is not stored -ith other units)?

MO.1(9) d. Does this unit have a single processing objective (i.e., all processing
within this unit is related to the same objective)? Y N /A

MO.2(0) d. What is the cohesion value of this unit? INl7N

SD.l(1) d. How many lires of source code, excluding comments' N

e. How many non-olank lines of comments?

f. How many lnes of source code with embedded comments>

4B-8
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g. Calculate (e+f)/d and enter score.

SD.2(1) d. Are trare prologue comments Yhich contain all information

in accordance with the established standard? Y N NIA

SD.2(2) d. Are the identification and placemer.t of comments in accordance

with the established standard? N N A

SD.2(3) d. Are all decision points and transfers of control commented?

SD.2(0) d. Is all machine-dependent code commented? N NI

SD.2(5) d. Are all non-standard HOL statements commented?

SD.2(6) d. Are the attributes (i.e., usage, properties, units of measure,

etc.) of all declared variables described by comments? Y N N

5D.2(7) d. Do all tie comments related to operations describe the

purpose or intent of the operation (e.g., comment states "increment

table look up-index" rather than "increment A by I")? Y N N

SD.2(8) d. Are the range of values and the default conditions associated

with all input parameters described by comments? Y N NI

SDO.3() d. Is the unit coded using only a higher order language? Y N N

SD.3(2) d. Are all variable names descriptive of the physical or

functional property they represent (e.g., variable names

"XCOORD, YCOORD" rather then "Al, A2"Y FY IN N

$D.3(3) d. Is all the code logically blocked and indented?

SD.3(4) d. How many lir.es of source code, excluding comments?

e. How many lines of source code containing more than one

statement' N
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f. How many continuation lines of code?

g. Calculate l-((e+t)/d) and enter score.

SD.3(5) d. Is the unit structured in the standard format' Y N N A

SD.3(6) d. Are all language keywords used only with their predefined

?. -, meaning (e.g., no keywords are also used as variable names)? Y NA

SI.M(2) d. Is the unit independent of the source of the input and

the destination of the output' Y N NA

SI.M(3) d. Is the unit independent of knowledge of prior processing? Y N N/A

SI.I(4) d. Does the unit description/prologue include input, output,

processing, and limitations? Y N NA

S.I(5) d. How many entrances ,nto the unit? EZN/

e. How many exits from the unit? I IN

I. Calculate (lId * l/e)(x Y) and enter score.
I I

SI.3() d. How many conditional branch statements are there (e.g., IF,

WHILE, REPEAT, DO/FOR LOOP, CASE)?

e. H ow many unconditional branch statements are thcrc (e.g.,

A_ GO TO, CALL, RETURN)"

I. Calculate 1/(i+d+e) and enter score.

- SI.4(1) d. Is the flo% of control from top to bottom (i.e., flow of

control does not jump erratically)? N .

SI.4(2) d. How many lines of estimated source code, excluding comments"

, -a.. 4B-10
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e. How many negative boolean and compound boolean expressions

are used? N/q

f. Calculate l-(e/d) and enter score.

SI.43) d. How many loops (e.g., WHILE, DO/FOR. REPEAT)?

e. How many loops with unnatural exits (e.g., jumps out of

loop, return statement)? N/Aq

f. Calculate l-(e/d) and enter score. N/

51.4(4) d. How many iteration loops (i.e., DO/FOR loops)?

e. In how many iteration loops are indices modified to alter

fundamental processing of the loop?

f. Calculate l-(e/d) and enter score.

S1.4(5) d. Is the unit frce from all self-modification of code (i.e., does

not alter instructions, overlays of code, etc.) Y M'N/A

S.4(6) d. How many lines of source code, excluding comments? NI.

e. How many statement labels, excluding labels for format

statements" N

f. Calculate, I-(e/d) and enter score. [ _/.

S1.4(7) d. What is the maximum nesting level'?

e. Calculate lid and enter score. 7 4

SI.4($) d. How many lines of source code, excluding comments?

e. How many branches, conditional and unconditional? N/, c
4B-11
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f. Calculate l-(e/d) and enter score.

51.4(9) d. How many lines of source code, excluding comments?

e. How many data declaration statements?

f. How many data manipulation statements? F i2N

g. Calculate !-((e+f)Id) and eter score.

Sl.4(l0) d. How many total data items, local and global, are used?

e. How many data items are used locally (e.g., variables

declared locally and value parameters))Y -7.T

f. Calculate e/d and enter score.

SI.4(l 1) d. How many lines of source, excluding comments?

e. How many total data items, local and global are used? NI

f. Calculate l-(e/d) and enter score. I N/A

S1.4(12) d. Does each data item have a single use (e.g., each array

serves only one purpose)? Y

" 51.4(13) d. is tnis unit cooea according to the required programming standard? [YIN I N/AJ

SI.5() a. How many data ite-ns are used as input?

e. Calculate !I(Id) and enter score. FiT/A7

51.5(2) 'J. How many data iterns are used for output "9

e. How many ?arameters in the uniz's calling sequence return

output values? ,77
41B-12
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f. Calculate e/d and enter score.

SI.5(3) d. Does the unit perform a single, nondivisible function?

SI.6(I) d. How many unique operators? NR

e. How many ,iiique operands? N/7Q

f. How many total operands? I---NI

g. Calculate 1-((2 x e)f(d x f)) and enter score. F--7

ST.l(1) d. How many data items are in this unit's interface (i.e., data

items used to input or output data)'

e. Calculate 1/(1 + d) and enter scoe.

ST.1(2) d. How many global data items in this unit's interface are not

adequately commented (i.e., lack comment regarding the purpose,

type, or limitations)'

e. Calculate t/d and enter score. N p/A

ST.1(3) d. How many data items are in the unit's interface? N17

e. How many interface data items are in the unit vith negative

qualification logic (e.g., boolean values that return

"TRUE" upon failure rather than success)?

I. Calculate I-(e/d) and enter score.

ST.1 (4) d. How many data items are in this unit's interface?

e. Calculate 11(1 + d) and enter score.

ST.I(5) d. Is the Unit interface established solely by arguments
4B-13
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in the calling sequence parameter list. lY N

, . ST.2() d. How many unique execution paths are in the unit?.4" ..?

% e. Calculate li/d and enter score.

ST.2(2) d. How many conditional branch statements are there (e.g.,

IF, WHILE, REPEAT, CASE).

e. Calculate 1/(1 A d) and enter score.

ST.2(3) d. How many other units are called by this unit (e.g., calls to other

functions, subroutines, and procedures)"

e. Calculate 1(1 + d) and enter score.

r ST.2(4) d. How many iteration locos are there in the unit (e.g., DO,

FOR loops)?

e. Calculate 1/(1 +d) and enter 3core.

ST.2(5) d. Are there comments regarding the units called by this unit

* 0 and the units which call this unit? Y N NA

ST.3(3) d. Is temporary storage (i.e., work space reserved for intermediate or

partial results) used only oy this unit during execution (i.e.,

.s not shared with other units)'7 F-77WA

ST.4(l) d. How many global data items are used in the unit?

e. How many parameters are in this units calling sequence

parameter list" NI/

f. Calculate e/d anJ enter score.
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S.4(2) d. How many global data items are used in this unit? FM

e. Calculate [/(I + d) and enter score. NA

ST.4(4 ) d. Does this jnit have a single entrance (i.e., all units calling

this unit must enter at the same location)?

ST.4(5) d. Does thib unit's communication with all interfacing units

pass only data parameters (i.e., does not pass any

control elements)?

ST.5(I) d. Is the unit free from unnecessarily recomputing the same value?

;,'ST.5(2) d. Is the unit free from statements which are never executed? "

.

ST.5(0) d. Is the meaning of each data item consistent throughout the "

unit (i.e., the use associated ,with each data item does not

change)'?

5T.5(4) d. Is the urnit free from unnecessary intermediate data items?

VS.[0) d. How many execution paths are there?

e. How many execution paths are tested?

f. ("alriplate P/d and enter score.

VS.1(2) d. How many tloal input parameters are there?

e. How many input parameters are tested? IN

f. Calculate ed and enter score.
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GLOSSARY

Argument List: A list of data elements that specify the input and output parameters

used during execution of a software ,unit.

Cohesion Value: The type of relationship that exists among the elements of each software

entity (Function, CSCI, Unit). The following are relative values for seven types of

cohesion.

COHESION TYPE VALUE

7) Functional 1.0

6) Informational 0.7

5) Communicational 0.5

4) Procedural 0.3

3) Classical 0.1

2) Logical 0.1

1) Coincidental 0.0

The following are descriptions of the seven types of cohesion.

I) Coincidental

o No meaningful relationships among the elements of an entity
o Difficult to describe the module's function(s).

2) Logical

o Entity (at each invocation) one of a class of related functions (e.g., "edit

*] all data").

o Entity performs more than one function.

3) Classical

o Entity performs one of a class of functions that are related in time

(Program procedure).

. o Entity performs more than one function.

4) Procedural

o Entity performs more than one function, where the functions are related

with respect to the procedure of the problem (Problem procedure).

5) Communicational

o Entity has procedural strength; in addition, all of the eler . its

"communicate" with one other (e.g., reference same data or pass data

413-16
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GLOSSARV (Continued)

among themselves).

0 All functions use the same data.

6) Informational

o Entity performs multiple functions where the functions (entry points in

the unit) deal with a single data structure.

o Physical packaging together of two or more entities having functional

strength.

o All functions use the same data.

7) Functional

o All entity elements are related to the performance of a single function.

Control Elements: Any data items that select an operating mode or submode in the

software unit, direct the sequential flow, or otherwise directly influence the
function of the unit.

Control Variables: Any data items that select an operating mode or submode in the

software uit, direct the sequential flow, or otherwise directly influence the function of

the unit.

Coupling: The type of relationship that exists between two software entities (Functions,

CSCIs, Units). In achieving a highly modular design it is essential to minimize the

relationships among software entities. The goal is to design software entities with low

coupling. The scale of coupling from worst to best is: 1) Content Coupling, 2) Common

Coupling, 3) External Coupling, 4) Control Coupling, 5) Stamp Coupling, and 6) Data

Coupling.

I) Content rni hnu . One soft,,are et .-ty ,c-c.- ccq thc contc.-s Of a,,uthel

software entity. L

2) Common Coupling - Software entities reference a shared global data

structure.

3) External Coupling - Software entities reference the same externally declared

symbol.

4 B-17
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GLOSSARY (Continued)

4) Control Coupling - One software entity passes control elements as arguments

to another software entity.

5) Stamp Coupling - Two soitware entities reference the same data structure,
which is not global.

6) Data Coupling - One software entity calls another and the software entities

are not coupled as defined above (in I through 5).

Data Element: A specific entity of data (e.g., variable, constant, coefficient, etc.).

Data Item: A specific entity of data (e.g., variable, constant, coefficient, etc.).

Data Reference: A specific entity of data (e.g., variable, constant, coefficient, etc.).

Design Reoresentation: A formal statement of the details or organization of a design

using one of a number of design representation methodologies, such as, Flow Charts,

HIPO Charts, PDL, etc.

Halstead's Level ot Difficulty: The metric is based on Halstead's concept of the level of

difficulty. A program with a high value jf difficulty is likely to be more difficult to

construct and this may lead to more errors. The level of difficulty is a measure of
"erro -provreness". Programming difficulty increases if additional operators are

ntroduced and if an operand is used repetitively.

Lines of Code: The number of lines of source code, excluding comment lines and blank

lines.

Microcode Instructions: A low-level computer imtruction specifying a single machine

operation.

415-18

A-182



. ..

METRIC WORKSHEET 4B UNIT LEVEL

Multiple Transfer Index Parameter: A value used to select a variation in the order of

code execution (i.e., case statement, program switch, etc.).

Range-Test: A test performed to validate the object of interest over the complete

spectrum of applicable values.

Subscript Value: A value used to reference an entity from a group of related objects (i.e.,

table index, array index, etc.).

4B-19
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APPENDIX B

FACTOR SCORESHEETS

Appendix B contains thirteen factor scoresheets-one for each quality factor. Each
scoresheet is used to score metric elements using worksheet answers and to score the
parent metrics, criteria, and factor. A factor scoresheet summary is shown on the
next page that includes criteria applicable to each factor.

B
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FACTOR SCORESHEET SUMMARY

ACQUISITION CONCERN FACTORSCORESHEET APPLICABLE CRITERIA

EFFICIENCY (EF) EC. EP. ES

INTEGRITY (IG) SS

PERFORMANCE RELIABILITY (RL) AC, AM, SI

SURVIVABILITY (SV) AM, AU. QI. RE MO

USABILITY (US) OP, TN

CORRECTNESS (CR) CP, CS, TC

DESIGN I MAINTAINABILITY (MA) CS, VS. MO, SD SI

I VERIFIABILITY (VE) VS, MO So, SI

EXPANDAILITY (EX) AT, GE VR MO, SO SI

FLEXIBIILTY (FX) GE. MO. SD SI

ADAPTATION INTEROPERABILITY (IP) CL. FO. iD SY MO

PORTABILITY (PO) ID, MO, SD

REUSABILITY (RU) AP. DO, FS, GE ID ST
MO, SO, SI
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FACTOR SCORESHEET- EFFICIENCY

PHASE

METRIC METRIC ELE- METRIC CRITERIA FACTOR

ELEMENT MENTSCORE SCORE SCORE SCOREEC10
EP.I(1) ..----

EP.1(2) ----

EP.1(3) .. .. __: .
EP.1(4)
EP.1(5)
EP.1(6)

EP.2(1)
EP.2(2) ..... -'- - -------EP.2(3) .. .-

EP.2(4) ----4---
EP.2(5) . -I
EP.2(6)
EP.2(7) . " |

ES.I(1). . .
ES.I(2I . ..)
ES.1(3) ....- I
ES.1(4) .. ..-I

ES. 1(5) ---- q
ES. 1(6) ---- q
ES.1(7) -

ES.1(8)

B-3
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FACTOR SCORESHEET- INTEGRITY

PHASE

METRIC METRIC ELE- METRIC CRITERIA FACTOR
ELEMENT MENT SCORE SCORE SCORE SCORE

SS.l(1)
SS.1(2)

". SS.1(3)
SS.1(4) I ..... I -------

SS.2() --
55.2(2)
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FACTOR SCORESHEET- RELIABILITY

PHASE

METRIC METRIC ,LE- METRIC CRITERIA FACTOR
ELEMENT MENT SCORE SCORE SCORE SCORE

AC. 1(1)
AC.1(2)
AC. 1(3)
AC.1(4)
AC.I1(5) ----.

AC.1(6)
AC.1(7) -

AC. 1 (8)

AM. 1(3) ---- i

AM. 1(4) z j1~~.I
AM.2(1)
AM.2(2)
AM.2(3)
AM.2(4)
AM.2(5) I

AM.2(6) .

AM.3(7) -----

4 ~AM.3(2) [
AM.3(3) .... A
AM.3(4)

A.M. 4 1) -- - - - -- - - - - ------ Z~
AM.5(1) ..-----

I L 1

AM.6(1) . . --

-AM.6(2) --

AM.6(3) .
AM.6(4)

AM.3(1) ... i

AM.7(2) -- ' Z'-
AM.7(3) " ---- J
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FACTOR SCORESHEET - RELIABILITY (Cont.)

PHASE

METRIC METRIC ELE- METRIC CRITERIA FACTOR
-. ELEMENT MENT SCORE SCORE SCORE SCORE

* 51I.1(1)
S1.1(2)--4

A 5.1(3)
SI.1(4)

51.1(6)
S1.1(7)
SI.1(8)
51.1(9)
SI.1(10)

SI.2(l)

S1.3(l)

SI.4(2)---
SI.4(3)--4
SI.4(4)---
S1.4(5) -4L I .

- . SI.4(6)---
SI.4(7)--4 -

SI.4(8)---

S.4(10)--4
SI.4(11)--4
SI.4(12)--4
51.4(13)--4
SI.4(14)

SI.5(l)

S1.5(3) L Z
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FACTOR SCORESHEET- SURVIVABILITY

PHASE IZ I

METRIC METRIC ELE- METRIC CRITERIA FACTOR
ELEMENT MENTSCORE SCORE SCORE SCORE

AM.1(1)
AM.l(2) ------ t'

AM. 1(3) : ]
AM. 1(4)

AM.2(1)
AM.2(2).
AM.2(3)
AM.2(4)

AM.2(5)
AM.2(.6)

AM.2(7)

AM.3(1)
AM.3(2) .... --

AM.3(3) ---- A
AM.3(4) ... "

AMA(1) --------

AM.4(1) ----

AM.6(1) .....-

AM.6(2).. .-I
AM.6(3)... "- -AI I ;;; tt

AM.7(1) - --

AM.7(3)
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FACTOR SCORESHEET - SURVIVABILITY (Cont.)

PHASE

METRIC METRIC ELE- METRIC CRITERIA FACTOR
ELEMENT MENT SCORE SCORE SCORE SCORE

AU.1(1)
AU.1(2) -1II ...
AU.(3) -

AU.1(4) --- I ------

AU.2(1) - '-

AU.2(2)

D1.1(1)
DI.1(2) -

DI.1(3)

D1.1(4) ----

D1.1(5) ----
O1.1(6) -

01.1(7)

0I.1(8)

DI.1(9)

RE.1(1)RE.l1(2) . .

RE.1(3)

RE. 1(4)

MO. 1(1) ---

MO. 1(2) -
MO. 1(3)
MO.1(4)
MO.l(5) 1 (5-)1 1 t-'
MO.1(6)
MO.1(7)

MO.1(8) ....

MO.2(1)
MO.2(2) ..

Mo,2(3) .. --t-
MO.2(4)
MO.2(5) .....

K; B-8
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FACTOR SCORESHEET- USABILITY
PHASE I I-

METRIC METRIC ELE- METRIC CRITERIA FACTOR
ELEMENT MENT SCORE SCORE SCORE SCORE

O P.I() ..... ,
OP.1(2) -----
OP.1(3) -----
OP. 1(4) ----4
OP.1(5) ---- 4
OP.1(6) ---- 4
OP.1(7) ---- 4

0P.1(9) --.- -'" L .... e

OP.1(10) -...-
OP.1(11) ..-.4
OP.1(12) ..---
OP.1(13) ..---
OP.1(14) ...--
OP 1(15) ----4
OP. 1(16)

OP.2(1) ---

OP.2(2) ----
OP,2(3) -- ---- i
OP.2(4) " -4 '- -:
OP.2(5) .OP.2(6)i ----]

0P.3(1) .. :

0P.3(2)0P.3(3) ..

OP.3(4) ---
OP.3(5) ---- .

OP.3(6)
OP 3(7) ----

OP.3(8)

TN.1(1)

TN.1(3) ------... - .

TN.1(4)

;-, B-9
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FACTOR SCORESHEET - CORRECTNESS

PHASE

METRIC METRIC ELE- METRIC CRITERIA FACTOR

ELEMENT MENT SCORE SCORE SCORE SCORE

CP.1(1)
CP.1(2)
CP. 1 (3)
cP.1(4)
CP. 1 (S)
CP.1(6) . 111111111
CP.1(7)

CP.1(8)

CP.1(9)

CP.1(1O)

CP.1(11)

cs. 1 (1)
CS. 1 (2)
CS. 1(3)

* ~~~CS. 1(4) ~LZ f z-
CS. 1(5)

CS.2(1)
CS.2(2) --.
CS.2(3) -I
CS 2(4) .
CS.2(5) i -. -

CS.2(6)

TC.1,(1) ----
"-i-2-TC. 1 (2)

B-10
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FACTOR SCORESHEET- MAINTAINABILITY

PHASE

METRIC METRIC ELE- METRIC CRITERIA FACTOR
ELEMENT MENT SCORE SCORE SCORE SCORE

CS. 1(1)
CS.1(2)
CS.1(3) -"

CS. 1 (4)
cS.1( 5)

CS.2(1)
CS.2(2)
CS.2(3)
CS.2(4)
CS.2(5)
CS.2(6 ----

vs. (1) - ---
VS.1(2)

VS.2(1) -------

VS.3(1)
VS.3().
VS.3(3)

oM0.1(1)
MO.1(2)
MO 1(3)
MO. 1 (4)
MO. 1() .

MO.1(7)
Mo. 1(6) -----
Mo.1(8)
M o.1(9) - - -----

MO.2(1)
MO.2(2)
MO.2(3)

MO.2(4)
MO 2(5)

B-II



"ACTOR SCORESHEET - MAINTAINABILITY (Cant.)
PHASE [111

METRIC METRIC ELE- METRIC CRITERIA FACTOR
ELEMENT MENT SrORE SCORE SCORE SCORE

SO. 1(1) LZ ZI------ I1-
SD.2(1)
SD.2(2)

* -: SD.2(3)-
SD.2(4) - ---

SD.2(5)
SD.2(6) l l

*-SD.2(7) 
--

SD.2(S)

*SD.3(l) ---

SD.3(2)
SD.3(3)
SD.3(4)il
SD.3(S)
SD.3(6)

SIAM(1
St.I(2) - -

SI.1(3)

SI._ _ _ ----
SI.1(6)

S1.1(8)
* 51I.1(6)

SI.1(10)

* S1.2(1) il ----- 1-

S1.3(1) --- ---

B-12
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FACTOR SCORESHEET - MAINTAINABILITY (Cont.)

PHASE IZZ

METRIC METRIC ELE- METRIC CR!TERIA FACTOR
ELEMENT MENT SCORE SCORE SCORE SCORE

S*4(2) ----
SI.413)

Sl.4(4)
sI.4(5)
Si.4(6) -" - .

SI.4(7) - ---

s5.4(8) .
SI.4(9)
51.4(10)
SI.4(11)
SI.4(12) - ,

SI.4(13)
SI.4(14)

S .5(1) ----

SI.S(2) --.. ..-
SI.5(3)

---6--) I.. ---

B-13
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FACTOR SCORESHEET - VERIFIABILITY
PHASE

METRIC METRIC ELE- METRIC CRITERIA FACTOR
ELEMENT MENT SCORE SCORE SCORE SCORE

vs. 1(1)
VS,1(2)

VS.2(1) I177 ....... XhZ1-T- 111111111---,

VS.3(2)
VS.3(3) ----

MO. 1 (1)
MO.1(2)
MO 1(3)
MO.1(4)
MOS() .-- '
MO.1(6)
MO.1(7)
Mo.1(8)
Mo.1(9)

MO.2(1)
MO.2(2)
MO.2(3) .... -

MO.2(4)
MO.2(5)

SD. 1(1) -- --

SD.21,1)
S,).2(2) ---
SD 2(3) ----4
SD.2(4)--4
SD.2(5)--4
SD.2(6) ...- 4

SD 2(7) ---- '

SD . 4 ..... -I',

SD.2(5)

SD.2(6 ..... - 14'

:%i



FACTOR SCORESHEET- VERIFIABILITY (Cont.)

PHASE

METRIC METRIC ELE- METRIC CRITERIA FACTOR
ELEMENT MENT SCORE SCORE SCORE SCORE

SD.3(1) .. .

SD.3(2)
$D.3(3) -. . -------
SD.3(4)

SD.3(5)
SD.3(6)

si.1(1)
SI.1(2)
SI.1(3)
SI.1(4) -

S1.1(5)
SI.1(6)
SI.1(7)
s5.1(8)
S1.1(9)
SI.1(10)
S1.2(1) -I- ----

S1.3(1) --------. 1I-

B-15
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FACTOR SCORESHEET -VERIFIABILITY (Cont.)

PHASE

METRIC METRIC ELE- METRIC CRITERIA FACTOR
ELEMENT MENT SCORE SCORE SCORE SCORE

SI.4(2) -

SI.4(3)
SI.4(4)
SI .4(5)
SI.4(6) - - -

SI.4(9)

SI.4(10)
SI.4(11)
SI.4(12)
SI .4( 13)
SI.4(14)

S1.5(2)
SI.S(3)

SI6()-- -- -

B-16



FACTOR SCORESHEET - EAPANDABILITY
PHASE I I

METRIC METRIC ELE- METRIC CRITERIA FACTOR
ELEMENT MENTSCORE SCORE SCORE SCORE

AT. 1(1) ----

AT.1(2)
AT, 1(3)

AT.2(1) A
AT.2(2)
AT.2(3) -

AT.3(1)
AT.3(2)

AT.4(1) ---

AT4(2) .
AT.4(3)

GE.1(1) .----
GE.2(1) . . . . -

GE.2(2) .--- 111
GE.2(3)
GE 2(4)

yR. 1(1) -- ---.. .. ..----.. ..-ll

MO.1(1)
MO 1(2)
MO 1(3)
MO.1(4)

M O .I(S) .. . i_ _ -

MO.1(6)
MO. 1(7)- ---

Mo. 1(8) ...-
Mo. 1(9) .. . "--....---'

MO 2(l) ----"

MO.2(2) 
----MO.2(3) . . . .t-

M O .2(4) ---- i ..... I
MO.2(S) ....--

B-17
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FACTOR SCORESH EET - EXPANDABILITY (Cant.)
PHASE E Z

METRIC METRIC ELE- METRIC CRITERIA FACTOR
ELEMENT MENT SCORE SCORE SCORE SCORE

SDA.1C) -- ------ J
SD.2(l)

SD.2(2)
SD.2(3)
SD.2(4)

-. 5D.2(5)

SD.2(6)--
SD.2(7) --

SD.2(8)

* SD.3(l)

SD.3(2) -

SD.3(3)
SD.3(4)
SD.3(5)
SD.3(6)

SIAM(1
SI.1(2)
SI.1(3)
SI.1(4)
SI.1(5)

0 SI.1(6)
SI.1(7)-
SI.1(8)
SI.1(9)
SI 1(10)

SI.2(l) - - - -

Sa3l -----

B-18



FACTOR SCORESHEET - EXPANDABILITY (Cont.)

PHASE

METRIC METRIC ELE- METRIC CRITERIA FACTOR
ELEMENT MENT SCORE SCORE SCORE SCORE

Sl.4(1) " "

SI.4(2)
SI.4(3)
SI.4(4) ----4

SI.4(6)
SI.4(7) .. .--
SI.4(8)
s5.4(9) ----4
SI.4(10)
SI.4(11)
SI.4(12) - ,
Sl.4(13) - ,
SI.4(14)

SI.5(1) ---

SI.5(2)
SI.5(3)

s,.6(l) --------. II-

BI1



FACIUOR SCORESHEET - FLEXIBILITY

PHASE

METRIC METRIC ELE- METRIC CRITERIA FACTOR
ELEMENT MENT SCORE SCORE SCORE SCORE

GE.1(1) ----

GE.2(1) . ' It... z I-"
GE.2(2)
GE.2(3)
GE.2(4)

Mo.1(1)
MO.1(2)
MO.1(3)

* MO.1(4)

* - : MO.1(5) . "- 1 }
MO. 1 (6)

MO.1(7)
MO.1(8)

MO.1(9)

MO.2(l)

MO.2(2) ....

MO.2(3) ---

MO.2(4)
MO.2(5)

r* SD.2(1) --------

SD.2(2) .

SD.2(3) -. i:" -'-" SD.2(4) "' '

SD.2(5) ,
SD.2(6) -

SD.2(7) ----.
SD.2(8)

S'.;,". SD.3(1) ... .L-.,'. ." SD.3(2).. .

• ",. -.- SD.3(3) . .

SD.3(4) -

SD.3(5) ----.

SD.3(6)

B-20
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FACTOR SCORESHEET- FLEXIBILITY (Cont.)

PHASE

METRIC METRIC ELE- METRIC CRITERIA FACTOR
ELEMENT MENT SCORE SCORE SCORE SCORE

SI.1(2)
S1.1(3) .. .
SL I,%4) .. .
s.(s) . .-----

SI.1(6)
SI.1(7)

sI.1(8)Sl.1(9) . ..

SI.I(I0). . .

s-.2--) ------- 4

s,.1tob I I ......44

SI.4(1) --------

SI.4(2) . -

51.4(3) ... -I

SI.4(4)

s,.4(s) .. .p .. .. .

SI.4(6) - II
S1.4(7)---
S1.4(8) -- I

SI.4(4) ----
* I

S!.4(9) .....- - I

SI.4(I0) ----

SI.4(12) 4k-

SI.4(13) ---- I

SI.4(!14).. . ',

S1.5(2)
51.5(3)

B-2
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FACTOR SCORESH EET - INTEROPERABILITY

~.r. PHASE

METRIC METRIC ELE- METRIC CRITERIA FACTOR
ELEMENT MENT SCORE SCORE SCORE SCORE

CL.1(1)
CL.1(2)
CL.1(3)
CL. 1 (4)
CL. 1(5)
CL. 1(6)
CL.1(7)
CL.1(8)
CL. 1 (9)

,- CL.1(1O)
1(11)

CL.I(12)
CL.1(13)
CL.1(14)

: ::":" ~ ~~CL.2(I) 7.. ..

CL.2(2) ----
CL.2(3) ....
CL.2(4) ----"" "" CL.2(S) . "-

CL.2(6) ----

CL.2(7) ----

CL.2(8) j

CL.30(1) [.----

- B-22
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FACTOR SCORESHEET- INTEROPERABILITY(Cont.)

PHASE I I

METRIC METRIC ELE- METRIC CRITERIA FACTOR
ELEMENT MENT SCORE SCORE SCORE SCORE

Fo. 1(1)
FO.1(2) -...
FO. 1(3) j.
FO. 1(4)

ID.I(1)
ID.1(2) -"-...--U 

U.ID.1(3) i

ID.2(4) ------

ID.2(2) .

ID.2(3)

ID.2(4)

SY.1(1)

SY.21(2)

SY.I(3)
SY.1(4)

SY.2(1) -- -

SY.2(2)

SY .2(3) ---- .

SY.3(1)

SY 3(2)sY,3(3).. . . _ -
SY.3(4) ----.. -1

SY.3(5)
SY.3(6)

SY.4(1) l ! -u....
SY4(2)
SY.4(3) ----

B-23
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FACTOR SCORESHEET - INTEROPERABILITY (Cont.)

PHASE

METRIC METRIC ELE- METRIC CRITERIA FACTOR
ELEMENT MENT SCORE SCORE SCORE SCORE

Mo.1(1)
MO. 1(2)
MO.1(3)
MO.1(4)

~M0.1(5)

MO.1(6)
MO.1(7)
MO.1(8) - CA=
MO.1(9)

MO.2(1)

MO.2(2)
MO.2(3) " ZZ
MO.2(4)
MO.2(S) ..

B,2..4

0 '

• ;'-B-24
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FACTOR SCORESHEET- PORTABILITY

PHASE

METRIC METRIC ELE- METRIC CRITERIA FACTOR
ELEMENT MENT SCORE SCORE SCORE SCORE

ID.1(2)
ID.1(3) ,

:.2(l) -- '-

ID.2(2) ----ID.2(3).. . -'

ID.2(4) ----

MO. 1(2)
r " M0.1(1) --

MO.1(4) ----4

MO. 1(7) --
- Mo.1(8) ---- 4

MO. 1(9) [... L..... LIZ... '
MO.2(1)

" "" M0.2(2) .MO.2(3) m.. -----

MO.2(4) 4 ..
MO.2(5)

SD.1(1) --------

". . ~SD.2(I) . . 1,

SD.2(2) .--- 4

L SD.2(4)
SD.2(3) ----

* -- SD .2(6) ----.. *

SD.2(7) ---- ,
SD.2(8) ----

SD.3(1)
SD.3(2) ---- 4

X'"SD.2(8) -:?--- I

SD.3(2)

SD.3(4)
SD.3(5)

4 SD.3(6)

B-25
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FACTOR SCORESHEET- REUSABILITY

PHASE

METRIC METRK ELE- METRIC CRITERIA FACTOR1 ELEMENT MENT CORE SCORE SCORE SCORF

AP.1(1)

AP.2(1)

AP.2(2) -
"

AP.2(3) i
AP.2(4) , -'L - F .....
"AP.3(1)

.. , .AP.3(2)
AP.4() ..------

,'.. .. AP.S(1) .....

, V"".: AI II : j -- -

AP.5(2) .-- 4- II-
,.- ... AP.S(3)

ID.1(1) I - -. .-

DO.2(!)

DO.2(2) .....

,*. \* DO.2(3) ,

00.2(4)

* 0.2(5)
00.2(6)
00.2(7)

DO 2(8)

FS. 1(1) ---- JhlFS.1(2) . . I

B-26



FACTOR SCORESHEET - REUSABILITY (Cont.)

PHASE

METRIC METRIC ELE- METRIC CRITERIA FACTOR
ELEMENT MENT SCORE SCORE SCORE SCORE

FS.2(1).. .",

FS.2(2) E
FS.2(3)
FS.2(4)
FS.2(5)
FS.2(6)

FS.3(l)
F S .3 ( 2 ) --"
FS.3(3)

GE.I(1) Im -

GE.2(1)- ' -

GE.2(2)
GE.2(3)

a GE.2(4)

ID.1(1)
ID.1(2)
ID.1(3)

ID.2(2) ""-

ID.2(4)

ST. 1 (1)
ST.1 (2) i

ST. 1(3) --

. ,ST. 1 (4)

ST. 1.(5)
ST.I(6)

ST.2(I)
ST.2(2)ST.2(3).. . - - - . . .
ST.2(4)
ST.2(5)

B-27



FACTOR SCORESHEET -REUSABILITY (Cont.)

PHASE
METRIC METRIC ELE- METRIC CRITERIA FACTOR
ELEMENT MENTSCOIAE SCORE SCORE SCORE
ST.3(1)
ST.3(2) ---

ST.3(3)
ST.3(4)
ST.3(5)
ST.3(6)

ST.5(l)
* ST.5(2)

ST.5(3)
ST.5(4)

M.()

M.(2)
ST.(3)

MO. 1(3)

MO. 1(4)
MO. 1(5) -----

MO.21(7)

MO.21(8) ----L
MO.2(3)
MO.2(4) rll~~
MO.2() 4---

SD.2()

SD.2(2) I

SD.2(3)

SD.2(4)

SD.2(6) --

SD.2(7) ----

SD 2(8)

B-28



FACTOR SCORESHEET- REUSABILITY (Cont.)

PHASE

METRIC METRIC ELE- METRIC CRITERIA FACTOR
ELEMENT MENT SCORE SCORE SCORE SCORE

SD.3(1)
SD.3(2)
SD.3(3).. .".. ,.

SD.3(4)
SD.3(5) E
SD.3(6)

SIA(2)

SI.1(3)
SI.1(4)

SI.1(6)
S1.1(7)
SI.1(8)
S1.1(9)

SI.I!'Iu

S13 1 F I-- - -

S1.4(1) ..... "
s,* I ] . . .. -

S1.4(3) *--

51.4(4)SI.4(2)51.4(3)

S1.4(4) . - I,sI.4(5) .. . f .. -
*SI.4(6).. .-I

I.4(7) . _----
S1.4(8)
51.4(9) ----
SI.4(10)

SI.4(11)

SI.4(12) . .SI.4(13) . .

SI.4(14)

SI 5(2) ----

SI.5(3) ----

s,.6(1) h ------ C= F

B-29
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APPENDIX C

SOFTWARE QUALITY EVALUATION REPORT

Appendix C contains the specification of format and content for the Sc tware Quality
Evaluation Report document. Information is in data item description DID) format.
The Software Quality Evaluation Report is used to describe results of metric data

collection and analysis.

0

C-1



', 'i :iDATA ITiEM DESCKIPTION I IDENTIFICATION ,W04-1

!' " "Software Quality Evaluation Report USAF

The sfwrqulity evaluation report contains a quanti-. rtative assessment of achieved software quality factor a... or ....... . .

:.-. ~~~~levels for products released at incremental points during i ~~NmI ~'
i the software development cycle. This report is used by

the Air Force to track quality levels and to assess com- - occ-a,-,o
• pliance with quality factor requirements in specification!..

'The 'software quality evaluation""' " ""° " report describes the re-
Ssults of metric data collection and analyses. A report

"- - ~~~~is normally prepared near the end of each software devel- ,,,€,,,, ,,,
"£ opment phase. Each report should contain metric data and g

' " data analyses to address each software quality factor
.. requirement specified in the system requirements spec-
~ification.

'."1. General Requirements. The software quality evaluation report shall describe
L''. results of metric data collection and analyses. Data analyses information shall
; " include correlation of metric scores to factor scores for each software quality
O]factor requirement. Raw metric scores and factor scoring trends shall be included.

). .2. Detailed Requirements. For convenience in describing the minimum essential
w° content, the following paragraphs show a normal format for presentation of materi-

al. In the following description, paragraph headings and numbers indicate the
","- general nature of the topic and are minimum mandatory requirements.

:...a. Sectiono 1.0 - introduction. This section shali describe the purpose
e. and scope of the report.

:".'i -b. Section 2.0 - References. This section shall list both government and
non-government referencet, and shall include identification of system/software

,'.-..'.products used as source material for metric data collection.

W :'C. Section 3.0 - Software Quality Evaluation Data. This section shall

. .describe detailed results of metric data collection and analyses and shall identif
!. variations from software quality requirements.

,..(1) Paragraph 3.1 -Product Source Material, This paragraph shall de-
scribe the software development phase and system/software products used as source

i "" .material for collecting metric data.

DD,., .... 1664 S/N00.o0o,.o,,oo PLATE NO. 1,44, PAGE 1 or 3 .....
16 7 i qO IN IKTIIiITN 1€:lI?- 94,*77/1;0 3,. 0-86O 17
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I.

Software Quality Evaluation Report

(2) Paragraph 3.2 - Requrement Allocation Relationships. This
paragraph shall identity and describe the derivation of relationships used
for scoring based on the allocation of quality factor requirements to soft-
ware elements (CSCIs and units). Formulas and lists should be used. For
example, Qsfl . (Qfl + Qf2 + ... + Qfn)/N, where:

Qsfl is the quality factor score for system-level function 1,
Qfl is the quality factor score for software element 1,
Qf2 is the quality factor score for software element 2.

and Qfn is the quality factor score for software element n.

One formula is required for each software quality factor of each system-level
function for which software quality factor requirements have been specified.
This paragraph shall also identify the specific relationships (criteria and
metrics to factors) which were used to calculate software quality factor
scores.

(3) Paragraph 3.3 - Data Collection. This section shall describe

results of metric data collection and reduction and shall include descriptions

of:

(a) Selection and use of metric worksheets to collect metric
element data.

(b) Selection and use of metric scoresheets to compute
metric scores, criterion scores and factor scores.

(4) Paragraph 3.4 - Data Analyses. This section shall describe
results of metrics data analyses and shall include descriptions of:

level function. (a) Computation of quality 
factor scores for each system-

(b) Comparison of metric scoring with specified quality

factor requirements (goals) and analyses of variations from requirements.
Causes and remedies shall be expl.'-ed for each variation.

(c) Trend analyses, showing software quality factor scoring
trends with -espect to software development phases.

vie he (5) Paragraph 3.5 - Recommendations. This paragraph shall pro-
vide the following:

(a) Explanations and rationale for scoring variations.
(b) Recommendations for correcting scoring variations.

Ii 7

Page 2 of 3
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I

Software Quality Evaluation Report

d. Appendix A - Summary Information. This section shall La included
as an appendix to the software quality evaluation report. It shall include
textual and pictorial material to elaborate and refine material presented in
section 3, Software Quality Evaluation Data. These items shall include tabu-
lar representations of:

(1) Software quality factor requirements allocation to softwareelements.

(2) A comparison of software quality factor scoring with speci-
fied requirements.

(3) Quality Criteria scoring for each factor.
(4) Quality Metric scoring for each criteria.

e. Appendix B - ractor Scoresheets. This section shall be included
1 as an appendix to the software quality evaluation report. It shall contain

the scoresheets with scores for all applicable factors, criteria, metrics,
and metric elements.

f. A ppendix C - Metric Worksheets. This section shall be included
as an appendix to the software quality evaluation report. It shall containthe metric worksheets with answers to all applicable metric element questions.

Page 3 of 3
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MISSION
Of

Rm Air Development Center
RAVC p.Can4 and execeutes teatwch, devetopmekvt, .tut and
6etected acquiLzition p~'wg~am in ZuPpo~.t o0 Command, Contuto

* Conmuncation.6 and IntetZ&gence (C31) activitZez. Ted~tn2
nden9 ngiev ng suppo~t L&thn aLam 06 .teclinicat competence

U~ p'wvided -to ESV Ptxogywm 044icU (PO.) and otte ESV
etements. The pxincpat .tectnicaZ mzzon aiea6 a,%e
communation-6, e ttomagnetic guidance and contot, 6uA-
veZZ~ance o4 g,%ound and aeto,6paece objec.ts, JinteZgence data* wZ~ctection and kandting, in~oiunation 6 ~tem .technotogy,

* * ~sotid .6ta-te scencu4, etcomagne.tic6 and etetAonio.
* k~etabitYq mainttabiZUYJ2~t and compatiZ9uty.
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